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ABSTRACT 
A comparative study was conducted on the immunology, pathology, and 
epidemiology of bovine tuberculosis (TB) between 2004 and 2oo8 in Bos indicus 
(Arsi zebu) and Bos taurus (Holstein) in Ethiopia. A total of 153 cattle were usedfor 
immunological and pathological studies while 5,924 (500 f-rom intensivejarm and 
5,424 from pasture) cattle were used for epidemiological studies. Comparative 
intradermal tuberculin (CIDT) test, gamma interferon (IFN-)"-) test, lateral flow 
assay, multiple antigen print assay, enzyme-linked immuno-spot assay, 
interleukin-4 (IL-4) and IL-1 o assays were used. IFN- rresponses to mycobacterial 
antigens were higher (for all: P<o. o5) in Holstein than in Arsi zebu. But both 
breeds exhibited similar T cell and antibody specificities to mycobacterial antigens. 
Holstein kept indoors produced higher IFN-r responses (for all: P<o. ool) to 
mycobacterial antigens than those kept on pasture. Pathology of bovine TB was 
more severe (P<o. o5) in Holsteins than in Arsi zebus as well as in Holsteins kept 
indoors (P<o. ool) than in those kept on pasture. Pathology was localised in the 
digestive tract in cattle kept on pasture while it was localised in the respiratory 
tract in cattle kept indoors. At a CUt-Off >2MM, the sensitivity of CIDT was 69% 
(95% CI= 58-596,7996) while it was 59% (95%CI= 49%, 69%) at a cut-Off >4mm. Its 
specificity at both cut-off points was 97106 (95%CI=8q%, 1oo%6). At cut-Off >4mm, 
the apparent prevalence was 13.5% while it was 16. o% at CUt-Off >2mm, and was 
higher in Holstein than in Arsi zebus both at a cut-Off >4mm (P<o. ool) and cut-off 
>2MM (P<o. ool). The true prevalence at a cut-Off >4mm was 18.5% while it was 
19.6% at a CUt-Off >2MM. In grazing cattle, of the total 40 isolates, 12 were 
specified as M. tuberculosis, 7 were M. avium subspecies while only a single isolate 
was M. bovis while in intensive husbandry, all the isolates (41) were confirmed to 
be a single strain of M. bovis (SB1176). All the strains of M. tuberculosis isolated 
from cattle had similar patterns with M. tuberculosis strains isolatedfi-om farmers 
in the area. In conclusion, Holsteins exhibited higher T cell responses to 
mycobacterial antigens, and higher prevalence and more severe pathology of 
bovine TB as compared to Arsi zebus. Besides, the results of this study suggest the 
transmission ofM. tuberculosis betweenfarmers and their cattle. 
Key words: bovine TB, immunology, pathology, epidemiology, Bos taurus and 
Bos indicus, central Ethiopia 
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CHAPTER I 
INTRODUCTION 
m. The Genus Mycobacterium 
Mycobacteria belong to the Kingdom of Bacteria; Phylum of Actinobacteria; 
Order of Actinomycetales; Family of Mycobacteriaceae, and the Genus of 
Mycobacterium. The Genus Mycobacterium includes many pathogens 
known to cause serious diseases in mammals, including tuberculosis and 
leprosy. 
Most mycobacteria are classified into two categories: fast-growing and 
slow-growing, based on laboratory growth characteristics. All mycobacteria 
are aerobic, acid fast and share a characteristic cell wall, thicker than in 
many other bacteria, which is hydrophobic, waxy, and rich in mycolic 
acids/mycolates (Figure 1.1). The mycobacterial cell wall makes a 
substantial contribution to the hardiness of this genus. Mycobacteria tend 
to be difficult to culture, as well as being fastidious in growth, some species 
such as M. leprae have extremely long reproductive cycles. 
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Figure 1.1. Schematic diagram of mycobacterial cell wall: The cell wall consists of 
outer lipids, mycolic acid, arabinogalactan, and peptidoglycan. 
Source: Brennan, 2003. 
i. m. Mycobacteria as pathogens and medical classification 
Mycobacteria can colonize their hosts without the hosts showing any 
adverse signs. For example, billions of people around the world are infected 
with M. tuberculosis but will never know it because they will not develop 
distinct symptoms. Mycobacterial infections are notoriously difficult to 
treat. The organisms are hardy due to their cell wall, which is neither truly 
Gram negative nor positive, and unique to the family, they are naturally 
resistant to a number of antibiotics that work by destroying cell walls, such 
as penicillin. Also, because of this cell wall, they can survive long exposure 
to acids, alkalis, detergents, oxidative bursts, lysis by complement and 
antibiotics which naturally leads to antibiotic resistance. 
Mycobacteria can be classified into several major groups for purpose of 
diagnosis and treatment: These include Mycobacterium tuberculosis 
complex (MTBC), which can cause tuberculosis-like pathologies in different 
host species, M. leprae causes Hansen's disease or leprosy, non- 
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tuberculous mycobacteria (NTM) are all the other mycobacteria which can 
cause pulmonary disease resembling tuberculosis, lymphadenitis, skin 
disease, or disseminated disease. Mycobacterium avium complex (MAC) is 
a group of species which are a significant cause of illness AIDS patients. 
1.1.2. Evolution of Mycobacterium tuberculosis complex 
The members of Mycobacterium tuberculosis complex (MTBQ include M. 
tuberculosis, M. bovis, M. africanum, M. microti, M. canetti, M. caprae, 
and M. pinnipedii, and many of the species and subspecies of MTBC show 
specific host association (Smith et al., 2oo6a). For instance, strains of M. 
microti seem to infect European voles and shrews; M. tuberculosis is 
specifically adapted to humans while M. bovis is most frequently isolated 
from domesticated cattle although it can be recovered from other bovids 
and other mammals (Smith et al., 2oo6a). The isolation of related strains 
from several hosts represents the spillover of hosts. 
Inspite of variation in host specificity, the members of the MTBC are 
characterized by 99.9% or greater similarity at the nucleotide level, and by 
virtually identical 16S rRNA sequence (Sreevatsan et al., 1997; Brosch et al., 
2002; Huard et al., 2003). 
Thanks to the new science of genomics, it has become possible to 
demonstrate the complete genetic blueprint of M. tuberculosis (Cole et al., 
1998) and M. bovis (Garnier et al., 2003) which, in turn provided major 
insights into evolutionary relationships and virulence factors. In addition, 
genetic systems have been developed to create defined mutants and 
elucidate the function of genes in the physiopathology of M. bovis 
(Braunstein et al., 2002). The main finding from the genome sequencing of 
M. bovis was that the 65.6% guanine-cytocine (GC) M. bovis genome 
(4,345,492 bp for the virulent bovine isolate AF2122/97) is a downsized 
version of the genome of M. tuberculosis (4,411,532 for the human isolate 
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H37Rv). The genomes of the species were more than 99-95% identical. On 
top of this, it was learnt that M. bovis does not have any new genetic 
material when compared with with genome of M. tuberculosis (Thoen and 
Barletta, 2oo6). Thus, the genomic difference between M. bovis and M. 
tuberculosis is attributed to DNA deletions in M. bovis. In addition to these 
deltions, more than 2000 single nucleotide polymorphisms have also been 
found (Thoen and Barletta, 2oo6). Nevertheless, a comparative genomic 
analysis indicated that minor genome changes have a profound effect on 
the phenotype. For instance, a point mutation in M. bovis is responsible for 
its resistance to pyrazinamide (Thoen and Barletta, 2oo6). The greatest 
sequence variations between M. bovis and M. tuberculosis have been found 
in genes coding for cell wall and secreted proteins, such as the PE-PGRS 
and PPE protein families (Cole et al., 1998; Garnier et al., 2003). As these 
proteins may be involved in cell adhesion (Brennan et al., 2001), it is 
possible that tissue tropism and host range are also affected. Likewise, the 
ThDi locus (present in M. bovis., but absent from most M. tuberculosis 
strains) encodes transporter proteins and synthetases involved in lipid 
trafficking and glycolipid biosynthesis (Thoen and Barletta, 2oo6). 
Deletions have been found to affect genes involved in transport, cell-surface 
structures, and intermediary metabolism. Finally, it is important to note 
that deletions may remove genes that are unnecessary for host adaptation 
and lead to a different or even wider host range (Thoen and Barletta, 
2oo6). 
Thus, the analysis of the M. bovis genome challenged the hypothesis that 
M. tuberculosis is a human-adapted variety of M. bovis that was acquired 
from cattle. The irreversible loss of DNA material uncovered by the M. 
bovis genome sequencing project and the systematic analysis of 
polymorphisms in a large panel of strains indicate quite a different 
scenario. This analysis indicated that M. canettii is a potential ancestral 
species of the M. tuberculosis complex (Brosch et al., 2002; Fibre et al., 
2004). Successive DNA deletions from this ancestral specie resulted in the 
creation of the other members of M. tuberculosis complex including M. 
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af-ricanum, M. microti, and M. bovis. Moreover, M. bovis BCG experienced 
further deletion during in vitro adaptation, and the loss of region RD1 has 
been implicated as the mechanism of virulence attenuation. In this view, 
modern M. tuberculosis strains originated later from ancestral M. canettii 
by loss of the IbD 1 locus (Figure 1.2). 
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Figure 1.2. Proposed evolution of mycobacterial pathogens from a common ancestral M. 
canetti strain and the phylogenetically informative mutations in the lineage leading to 
Mycobacterium bovis. 
During evolution, the ancestral progenitor underwent various deletions (e. g., loss of RD9, RD4 and RD1), giving 
origin to the microorganisms of the M. tuberculosis complex. The scheme is based on Brosch et al. (2002), as 
modified by other studies (Cole et al., 1998; Chan et al., 1991; Noll and Bloch, 1956). a) The distribution of 
phylogenetically informative deletions that form the backbone of this phylogenetic senario as proposed by Brosch 
et al. (2002) and Mostoway et al. (2002). Species and subspecies designations are shown, as well as the most 
likely host for each ecotype (Smith et al., 20o6b), b) The sequential loss of spoligotype spacer units represented 
by anci-anc6 is shown as a series Of 43 boxes, a grey box indicates the presence of the spacer (Smith et al., 
2oo6b), c) The distribution of phylogenetically informative single nucleotide mutations (SNMs). 
Source: Smith et al., 20o6b 
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1.1-3. Virulence factors 
The development of TB lesion in an animal depends on the ability of M. 
bovis to multiply within phagocytic cells and induce a host response while 
escaping the host's bactericidal action associated with the response. 
Pathogenicity of mycobacteria is a multifactorial event requiring the 
participation and cumulative effects of several bacterial components, 
including complex lipids and proteins in both the cell wall and cytoplasm of 
tubercle bacilli (Thoen et al., 1988; McNeill and Bernnan, 1991; 
McDonough et al., 1993; Sturgill-Koszycki et al., 1994; Beatty et al., 2000; 
Stamm et al., 2003; Fabre et al., 2004; Vergne et al., 2004). Althogh most 
studies of mycobacterial virulence determinants have been performed in M. 
tuberculosis rather than in M. bovis, the presence of homologous genes in 
M. bovis and M. tuberculosis, and the close relationship between the two 
microorganisms suggested similar virulence determinants and mechanisms 
of pathogenicity in M. bovis (Thoen and Barletta, 2oo6). 
Complex lipids, extracted from both virulent and attenuated strains of 
mycobacteria, have been extensively evaluated by in vivo or in vitro 
systems to obtain information on their significance (Chan et al., 1989; Chan 
et al., 1991; Ernst, 1998; Chua and Deretic, 2004; Schluger and Rom, 
1998). The cell wall core of mycobacteria is composed of three covalently 
attached molecules: peptidoglycan, arabinogalactan, and mycolic acid. 
An important property of virulent bovine tubercle bacilli is their ability to 
form cords when grown in liquid culture media. Lipids or lipid complexes 
present in the cell wall of the virulent tubercle bacilli appear to contribute 
to the formation of these 'rope-like' cords. Several lipid components have 
been isolated, chemically characterized, and evaluated in certain in vivo 
and in vitro systems to determine their importance in pathogenicity. Cord 
factor, a glycolipid, extracted with petroleum ether from viable tubercle 
bacilli, identified as trehalose-6,6'dimycolate, does not induce tuberculin 
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sensitivity, it does inhibit the migration of leukocytes and is leukotoxic 
(Noll et al., 1956). Moreover, cord factor has been found to induce swelling 
and disruption of liver mitochondria; and show impaired respiratory and 
phosphorylative activities (Kato and Fukushi, 1969). Inaddition, cord factor 
was reported to induce disintegration of the rough endoplasmic reticulum 
and detachment of ribosomes in liver cells (Fukuyama et al., 1971)- 
Furthermore, gene deletion mutant unable to synthsize cord factor have 
normal initial replication rates but fail to persist within and kill infected 
mice (Glickman et al., 2000), which emphasizes the importance of cord 
factor as a virulence factor. 
Improved biochemical techniques for purifying cell wall lipids have 
permitted the isolation of sulfur-containing glycolipids (sulfolipids, 
sulfatides) from M. tuberculosis. However, sulfated lipids are absent from 
the envelope of M. bovis because the glycolipid sulf6transferase and 
arysuphatase gene are disrupted or deleted (Garnier et al., 2003). This 
difference may also contribute to the host range and tissue tropism of M. 
bovis. Lipoarabinomannan (LAM) is a major mycobacterial glycolipid 
which contributes to arrest phagosome maturation. In addition, LAM is a 
powerful scavenger of oxygen (reactive oxygen intermediates, ROI) and 
nitrogen (reactive nitrogen intermediates, RNI) (Chan et al., 1989). 
Proteins and protein molecules (i. e. lipoproteins) of M. bovis and other 
pathogenic mycobacteria may also play an important role in pathogenesis. 
For example, the secreted proteins in the antigen 85 complex, may play a 
role in development of cell-mediated immunity and disease in the host 
(Andersen et al., 1997). Moreover, these proteins have been shown to 
possess enzymatic activity and catalyze mycolyltransfer reactions involved 
in the final stages of mycobacterial cell wall assembly (Belisle et al., 1997). 
Regarding binding activities, fibronectin binds to antigen 85 complexes, 
and the release of large amounts of these antigen could inhibit binding of 
fibronectin to tubercle bacilli (Abou-Zeid et al., 1988). Although little or no 
evidence exists that fibronectin directly mediates phagocytosis of 
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mycobacteria, there is some evidence that fibronectin enables monocytes to 
phagocytose C3b-sensitized cells (Pommier et al., 1983). Proteins encoded 
by the mce operons seem to play a role in the entry and survival of 
mycobacteria within phagocytic cells, as well as in the invasion of epithelial 
cells (Arruda et al., 1993). There are four operons in M. tuberculosis, each 
encoding five to six proteins, where as the mce3 operon is absent from M. 
bovis (Cole et al., 1998). 
Several stress proteins have been identified as major immunodominant 
antigens of mycobacteria (Mehra et al., 1996). The elevated synthesis of 
these proteins in response to changes in physiological conditions within the 
phagosome may protect the mycobacteria from hydrolytic enzymes, ROI 
i. e. superoxide anion, and RNI i. e. nitric oxide. Superoxide dismutases 
(SODs) are produced and released by several mycobacterial pathogens 
(Escuyer et al., 1996; Harth and Horwitz, 1999). The iron-manganese- 
dependent SOD (Sod A) is secreted and seems the more fundamental 
enzyme for resistance against ROIs (Harth and Horwitz, iggg; Edwards et 
al., 2001). Another membrane-associated copper-zinc-dependent SOD 
(Sod Q may play an additional role to protect tubercle bacilli against the 
oxidative burst of activated macrophages (Piddington et al., 2001). In 
contrast, protection against RNIs is provided by two alkyl hydroperoxidases 
denominated AhpC and AhpD (Chen et al., 1998; Nathan and Shiloh, 
2000). 
1.1-4. Immune response to mycobacterial infections 
The immune response to M. tuberculosis has been intensively studied in 
animal models and humans, and the results of such studies have been 
extrapolated to M. bovis in cattle as the organisms are closely related. 
The pre-dominant immune response to mycobacterial infection is based on 
cell-mediated immunity (CMI). Strong selective pressure arising from 
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mycobacerial-host interactions has resulted in requirements of the 
participation of conventional T cells i. e. those restricted by classical highly 
polymorphic major histocompatibility (MHC) class I and II molecules as 
well as unconventional T-cells (restricted by non-polymorphic MHC 
molecules like CD1) (Kaufmann, 1996; Schaible et al., 1999; Kaufi-nann, 
2000; Schaible and Kaufmann, 2000). The MHC region is a relatively large 
cluster of genes, spanning nearly 4Mb of the human genome, 
approximately 2.5Mb of the cattle genome, and 2Mb of the mouse and 
porcine genome (Lewin and Mirsky, 1996). It is located on chromosome 6 
in humans, chromosome 23 in cattle. The human MHC is commonly 
referred to as the human leukocyte antigen (HLA) complex, the mouse 
MHC as the H-2 complex, and the cattle MHC as the bovine leukocyte 
antigen (BoLA) complex. The MHC plays a central role in the development 
of both antibody and cell-mediated immune responses. Because MHC 
molecules function as antigen presenting structures, the particular set of 
MHC molecules expressed by an individual influences the repertoire of 
antigens to which individual T- cell interact with; CD4+ T cell (interacting 
with MHC class II) and CD8+ (interacting with MHC class I) can respond. 
For this reason, the MHC partly determines the response of an individual to 
antigens of an infectious organisms and the MHC has, therefore, been 
implicated in susceptibility and resistance to infectious disease and in the 
development of autoimmunity (Lewin and Mirsky, 1996). 
MHC class II glycoproteins are found primarily on antigen presenting cell 
(APQ such as dendritic cells, B-cells, macrophages, and thymic epithelial 
cells (Kappes and Strominger 1978). Differences between the MHC class I 
and class II molecules can also be seen in the peptide binding domain; 
while the peptide binding cleft in class I molecules is closed at both ends, 
class 11 molecules have an open binding cleft. As a result, class I molecules 
are generally able to comfortably accommodate short peptides containing 
an average of nine amino acid residues. On the other hand, class II 
molecules are able to accommodate much larger peptides Of 13-18 amino 
acids. The peptides, in both class I and class II molecules, contain specific 
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amino acid residues (anchor residues) that help to anchor peptide into the 
groove of the MHC molecules. Figure 1.3 shows a schematic representaion 
of the summary of conventional responses to M. tuberculosis infections in 
humans. 
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Figure 1.3. Different outcomes of infection with M. tuberculosis, different T cell 
populations involved in protection and major anti-mycobacterial effector 
mechanisms of macrophages. 
This scheme firstly depicts the different outcomes of infection in healthy and 
immunocompromised subjects. Secondly, the figure shows the different T cell populations 
and their major T cell effector mechanisms in the control of disease. Thirdly, the figure 
shows anti-mycobacterial effector mechanisms of activated macrophages. 
Source: Kaufmann, 2001 
Conventional T cells: Both CD+ and CD8+ have a role in fighting 
mycobacterial infections. Mycobacteria which are resident within the 
phagosome ensure that antigens have ready access to the MHC class 11 
antigen presenting machinery (Kaufmann, 1999) (Figure 1-4). 
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Mycobacteria-specific CD4+ T cells are helper T cell 1 type (Thi) as they are 
potent IFN-, y producers (Figure 1.3). IFN-y is a central factor in the 
activation of anti-mycobacterial activities of macrophages, and hence 
considered crucial for protection against tuberculosis. Although Th2 
cytokines such as interleukin (IL)-4 have been reported in tuberculosis, 
strong Th2 response has not been convincingly shown (Lin et al., 1996). 
The differentiation of CD4+ T cells into Thi cells in tuberculosis is 
promoted by the early cytokines including IL-12, IL-18 and co-stimulatory 
molecules (Kaufmann, 1999; Flynn and Chan, 2001). This milieu is partially 
induced through Toll-like receptors (Brightbill et al., 1999; Means et al., 
1999; Andersen and Ulevitch, 2000). The central role of IFN-7 in the 
control of mycobacterial infection is well established (Cooper et al., 1993; 
Kaufmann, 1999). In addition, tumor-necrosis factor-(x (TNF-(x) and 
lymphotoxin (LT)-(x3 participate by regulating the formation and 
maintaining the structural integrity of granulomas (Bean et al., 1999; 
Mohan et al., 2ool; Roach et al., 2001, Figure 1-4). The importance of TNF- 
(x in containing M. tuberculosis infection in humans was shown by the 
increased risk of reactivation of tuberculosis in rheumatoid arthritis 
patients who were undergoing anti-TNF-a therapy ( Maini et al., 1999). 
Despite their residence within phagosomes, mycobacteria are capable of 
stimulating MHC-class-I-restricted CD8+ T cells, which lead to the 
hypothesis that these T cells can participate in protection (Kaufmann, 
2000; Flynn and Chan, 2001). It has been suggesterd that M. tuberculosis 
remains inside the phagosome for sometimes, and therafter, perforates the 
phagosomal membrane to gain access to cytosolic nutrients (Myrvik et al., 
1984), which in turn could permit mycobacterial antigen to access the MHC 
class I pathway. Lipoproteins and glycolipids are released from the 
mycobacteria and are incorporated into vesicles. Thereafter, they are 
shuttled within the cell and then travel to bystander cells (Beatty et al., 
2000; Schaible et al., 2ooo; Neyrolles et al., 2001). Engulfment of antigen 
loaded vesicles by bystander antigen-presenting cells has been shown to 
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induce MHC class I-restricted CD8 T cell responses in other systems (Yrlid 
and Wick, 2000). Vesicles are released from apoptotic cells that are 
abundant in caeseous lesions of tuberculosis (Fayyazi et al., 2ooo, Figure 
1-4). 
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Figure 1.4. Different antigen presentation pathways in tuberculosis. 
Mycobacterial antigens reside in the early phagosome. There, their proteins have ready 
access to MHC class 11 processing, resulting in potent CD4 T cell stimulation. 
Phospholigands are produced by these mycobacteria, which stimulate y6 T cells in the 
absence of antigen presentation molecules. Presentation of proteins by MHC class I and of 
glycolipids by CD1 is more complex and probably requires cross-priming. Mycobacteria 
infected macropbages undergo apoptosis, resulting extracellular vesicles carry antigens to 
bystander denderitic cells. Uptake of these vesicles results in glycolipid presentation 
through CD1 and protein presentation through MHC class 1. This two cell mechanism can 
explain stimulation of MHC class I restricted CD8 T cells and of CD1 restricted T cells. 
Source: Kaufmann, 2001 
Similar to CD4+ T cells, CD8+ T cells can produce IFN-y. In addion, the 
main function of CD8+ T cells is lysing infected cells (Flynn and Chan, 
2001). By lysing infected host cells, CD8+ T cells could facilitate the 
translocation of infected and incapacitated cells to more proficient effector 
cells (Kaufmann, 1999). More recently, human CD8+ T cells that express 
granulysin and perforin have been shown to kill M. tuberculosis directly 
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Infocted M2crophago 
(Stenger et al., 1998; Stenger et al., 1997) (Figure 1-4). Granulysin is 
responsible for bacterial killing and presumably gains access to M. 
tuberculosis that resides within macrophages through pores formed by 
perforin (Kaufmann, 2001). Antigen-specific T cells achieve killing of 
infected macrophages mostly through apoptotic mechanisms, and 
experiments showed that apoptosis can also induce growth inhibition of 
Mycobacteria (Oddo et al., 1998). 
Regulatory T cells. Regulatory T cells (T,, ýg cells) are CD4+ T cells that 
inhibit immunopathology or autoimmune disease in vivo (O'Garra and 
Vieira, 2004). The immune system evolved to protect against the attack of 
foreign and potentially pathogenic microorganisms. Effective immune 
responses against pathogens are sometimes accompanied by strong 
inflammatory reactions. To minimize damage to self, the activation of 
immune system also triggers ant-inflammatory circuits (reviewed by 
O'Garra et al., 2004). Various mechanisms have been reported to control 
and regulate the immune system to prevent or minimize reactivity to self- 
antigens or an over-exuberant response to a pathogen, both of which can 
result in damage of the host (reviewed by O'Garra and Vieira, 2004). 
Deletion of auto-reactive cells during T- and B-cell development allows the 
immune system to be tolerant of most self-antigens (reviewed by O'Garra 
and Vieira, 2004). Peripheral tolerance to self was resulted from the 
induction of anergy in peripheral self-reactive lymphocytes. Recently, it has 
become clear that avoidance of damage to the host is also achieved by active 
suppression mediated by Treg cell populations (Maloy and Powrie, 2001; 
Gobbold et al., 2003). Two types of Treg cells have been described: naturally 
occurring CD4+ Treg cells and IL-io-producing Treg Cells. IL-lo-producing 
CD4+ Treg cells can be induced in vitro and in vivo under particular 
conditions of antigenic stimulation (Sundstedt et al., 1997). In mice, these 
cells share functional properties with naturally occurring CD4+CD25+ Treg 
cells in that they can inhibit the proliferation of nalve CD4+ T cells 
independently of IL-10 via cell-cell contact (Vieira et al., 2004, Figure 1-5). 
These IL-lo-producing Treg cells can be isolated from TCR-transgenic, 
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recombinant-activating gene- deficient (RAG-deficient) mice (Barrat et al., 
2002), which are devoid of naturally occurring Tregcells and do not express 
the forkhead-winged helix transcription factor FOxP3 (Vieira et al., 2004), 
which is required for the development of naturally occurring Treg cells (Hori 
et al., 2003; Ramsdell, 2003). Thus, IL-io-producing and naturally 
occurring Treg cells appear to be developmentally distinct (O'Garra et al., 
2004)- 
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Figure 1.5. Layers of regulation of the immune response. 
At low levels of inflammation (A) both FoxP3+ naturally occurring Treg cells and FOxP3- 
IL-lo-producing Treg cells inhibit CD4+ proliferation through IL-1o independent, cell 
contact-dependent mechanisms. (B) Similar mechanisms may control immune responses 
to self antigens and outoimmune pathologies associated with low level inflammation such 
as gastritis. (C) When strong inflammation occurs, with activation of APCs, effecter 
molecules, such as IL-1o and TGF-P, secreted by Treg cells are required to control CD4+ 
responses. TLR, Toll-like receptor 
Source: O'Garra et al., 2004 
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IL-lo-producing Tregcells inhibit T cell expansion in vivo (Sundstedt et al., 
2003) and in certain murine disease models such as experimental 
autoimmune encphalomyelitis (Barrat et al., 2002) via IL-lo-dependent 
mechanisms. In humans, IL-lo-producing Treg cells limit immune response 
to M. tuberculosis antigens and regulate HIV replication (Boussiotis et al., 
2000), and naturally occurring CD25+ Treg cells have been shown to 
regulate T cell responses to HIV-1-specific antigens (Aandahl et al., 2004). 
Both Thi and Th2 responses can be regulated by IL-lo-producing Treg cells 
and by naturally occurring Treg cells (Xu et al., 2003). Thi cells producing 
IFN-y are critical for the eradication of intracellular pathogens but are also 
implicated for in the inflammatory pathologies (Sher and Goffman, 1992). 
Th2 cells, on the other hand, producing IL-4, IL-5, and IL-13 are important 
for the regulation of immune responses to helminths but also cause allergy 
pathologies (O'Garra, 1998). In addition to being regulated by naturally 
occurring Treg cells and IL-io-producing Treg cells, Thi and Th2 cells also 
reciprocally regulate the development and function of each other (O'Garra 
et al., 2004). For example, ILA profoundly inhibits the development of Thi 
response via the down-regulation of the IL-12RP2 chain (Szabo et al., 1997) 
and the regulatory function of the transcription factor T-bet (Szabo et al., 
2000). Conversely, IFN-y, which up-regulates the IL-12RP2 chain, inhibits 
the development of Th2 cells (Fitch et al., 1993). Because IL-io is also 
produced by B lymphocytes (Moore et al., 2001), by macrophages, by DCs 
(Edwards et al., 2002), and by T cells other than Treg cells (O'Garra and 
Robinson, 2004), it is clear that multiple cell types may contribute to the 
regulation of immune responses via their production of this cytokine. 
Unconventional T cells: The CD1 protein family presents lipids, glycolipids, 
small aromatic compounds, and lipopeptide Ags to T cells. CD1 proteins are 
structurally related to MHC class I proteins in terms of the overall structure 
of their three extracellular domains (ca, (X2, and (x3) and association with 
P2-microglobulin, but the CD1 Ag-binding groove has a hydrophobic 
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surface, unlike MHC molecules (Rhijn et al., 20o6). The (xi and a2 
domains, forming the Ag-binding groove are highly conserved in 
mammalian species (Fhijn et al., 2oo6). Based on protein sequence 
homology, patterns of expression, and functional properties, the five known 
CD1 isoforms have been divided into two subsets. Group 1 CD1 molecules 
(CDla, CD1b, and CD1c) have been shown in humans to present 
mycobacterial lipid Ags (Beckman et al., 1994; Sieling et al., 1995; Moody et 
al., 2000; Moody et al., 2004; Moody et al., 1997). T cells that recognize 
these Ags are activated during the course of acute Mycobacterium 
tuberculosis infections in humans (Ulrichs et al., 2003; Gilleron et al., 
2004). Group 2 CD1 molecules (CD1d) are known to present Ag to NKT 
cells, aT cell lineage that is characterized by a limited T cell repertoire and 
an Ag-experienced phenotype (Rhijn et al., 2oo6). These cells are capable 
of rapidly secreting large amounts of IFN-y and IL-4 (Kawano et al., 1997; 
Gumperz et al., 2002). Manipulation of the NKT population by stimulation 
or deletion has profound effects on the course of infectious diseases and 
autoimmune diseases (Rhijn et al., 2oo6). CDie is of intermediate 
homology and functions intracellularly, assisting Ag loading (de la Salle et 
al., 2005). 
Mycobacterial glycolipids are presented by CD1 molecules to T cells and 
seem to have a unique role in human tuberculosis (Porcelli and Modlip, 
1999; Schaible and Kaufmann, 2000; Park and Bendelac, 2000; Ulrichs 
and Porcelli, 2000). Group 1 CD1 molecules, comprising Mia, CD1b and 
Mic are found in primates and guinea pigs (Porcelli and Modlin, 1999; 
Park and Bendelac, 2000; Ulrichs and Porcelli, 2000). Generally, CD1- 
glycolipid specific T cells produce IFN-y and express cytolytic activity 
(Kaufmann, 2001). Group 1 CD1 molecules typically present glycolipids that 
are abundant in the mycobacterial cell wall such as phosphatidylinositol 
mannosides, lipoarabinomanan, mycolic acids and hexosyl-1- 
phosphoisoprenoids (Porcelli and Modlin, 1999; Ulrichs and Porcelli, 
2000). The different CD1 molecules display distinct intracellular locations, 
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CDla is expressed on the cell surface and in the early recycling endosome, 
CD1b residing primarily in the late endosomes/lysosomes and Mic being 
localized on the cell surface and in endosomes at different stages of 
maturation (Schaible et al., 2000; Sugita et al., 2000). CDla and Mic have 
ready access to mycobacterial glycolipid as mycobacteria arrest phagosomal 
maturation at early stages (Kaufmann, 2001). Mycobacteria shed 
glycolipids inside the phagosome, and these enter the late 
endosome/lysosome, where they can also interact with CD1b (Schaible et 
al., 2000). Vesicles containing shed glycolipids can be released, and 
therefore deliver their antigenic cargo to bystander cells. Group 1 CD1 
molecules are abundantly expressed on denderitic cells, but absent on 
macrophages, and CD1b surface expression is down regulated in cells 
infected with mycobacteria (Stenger et al., 1998). The transfer of glycolipids 
from infected macrophages to bystander dendritic cells constitutes an 
important mechanism for promoting CD1 presentation (Schaible et al., 
2ooo, Figure 1-4). Group 2 CD1 (Mid) molecules seem to have minor 
importance in tuberculosis (Rolph et al., 2001). 
Human CDla, CD1b, and CDlc have been shown in humans to present 
mycobacterial lipid Ags (Rhijn et al., 2oo6). Cattle, like humans, are a 
natural host of several mycobacterial pathogens. B. taurus cattle express 
the CD1 family of genes including CDla, Me, and multiple CD1b 
molecules, but no CDlc and CDld molecules (Rhijn et al., 2oo6). In cattle, 
two CDiD pseudogenes were found and no intact CD1D genes (Rhijn et al., 
2oo6). Recent studies suggested the absence of NKr cells in cattle (Rhijn et 
al., 2oo6). With its functional CD1A and CD1B genes, B. taurus is well 
equipped to present Ags to CD1-restricted T cells other than NKr cells 
(Rhijn et al., 20o6). 
T cells that express a y8 TCR also participate in the immune response 
against tuberculosis (Figure 1-4) (Kaufmann et al., 1996). In the mouse, 
these T cells partially protect against high, but not low, inocula M. 
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tuberculosis, and regulate granuloma formation (D'Souza et al., 1997; Ladel 
et al., 1995). Unlike mousey8 T cells, human y8 T cells are stimulated by a 
unique group of non-proteinaceous antigens that contain phosphate, 
apparently independent of any restriction elements (Kauftnann, 2001). 
These 'phospholigands' include different prenyl pyrophosphates and 
nucleotide conjugates, all of which are abundant in mycobacteria 
(Kaufmann, 2001). The phospholigands stimulatey8 T cells that express the 
V7282 chain combination independently of their antigen fine specificity. 
V7282 T cells comprise an important population of all y8 T cells, and 
constitute about 5% of all T cells in the peripheral blood in adults 
(Kaufmann, 1996). This large -18 T cell population readily produces IFN-y 
after stimulation with phospholigands and expresses granule-dependent 
mycobacteriocidal activity (Behr-Perst et al., 1999). 78 T cells are 
responsible for mobilization the first line of defense against tuberculosis 
(Kaufmann, 2001). Thus, in this respect, y8 T cells constitute an interesting 
target for a novel tuberculosis vaccine (Kaufmann, 2001). 
In both field and experimental studies, it has been shown that all of the 
main T-cell subsets (, y8, CD4+ and CD8+) are involved in the ant- 
mycobacterial immune response in cattle (Pollock et al., 2005). Study of 
the dynamics of lymphocyte subsets in the circulation of cattle infected by 
experimentally with M. bovis has revealed a sequential involvement of y8 
then CD4+ and later CD8+ T-cells (Pollock et al., 1996). In M. bovis 
infected cattle, CD4+ T-cells appear to be the most dominant cell 
population producing IFN-y leading to the activation of macrophage anti- 
mycobacterial capabilities, with CD8+ T-cells having a greater involvement 
in the lysis of infected cells (Li6bana et al., 2000). 
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Bovine tuberculosis 
Bovine TB is a disease characterized by progressive development of specific 
granulomatous lesions or tubercles in the lung tissue, lymph nodes, or 
other organs. The disease jeopardizes animal welfare and productivity, and 
in some countries leads to significant economic losses (Pollock and Neill, 
2002). Infected cattle are important sources of infection for other cattle but 
in some countries, wildlife species act as reservoirs of infection and lead to 
a complex epidemiological picture (Wedlock et al., 2002; Phillips, 2003). 
Bovine TB is also a serious zoonosis transmitted to humans through 
consumption of raw animal products and inhalation of aerosols from 
infected animals. Because of these ongoing economic and public health 
concerns, there is an urgent need for improved methods to combat bovine 
TB. 
1.2.1. Epidemiology 
1.2.1.1. Transmission 
The mode of infection of cattle with M. bovis is affected by animal age and 
behavior, environment and climate as well as prevailing farm practices 
(Pollock and Neill, 2002). In field cases of bovine TB, the lesion 
distribution and pathology shows the predominant involvement of the 
upper and lower respiratory tract (Pritchard, 1988; Crews, 1991; Corner, 
1994; Neill et al., 1994b; Whipple et al., 1996). Inhalation of M. bovis is, 
therefore, the most probable and important route of M. bovis infection. 
Furthermore, experimental models of bovine TB, involving nasal and 
tracheal inoculations and through contact infections support the 
effectiveness of the aerogenous route of infection (Pollock et al., 1996; 
Cassidy et al., 1998; Dcan et al., 2005). Ingestion of M. bovis directly 
from 
infected animals or from contaminated pastures, water or f6mites 
is 
considered secondary to respiratory spread (Menzies and Neill, 2000). 
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Congenital infections and vertical transmission to calves are uncommon in 
regions where intensive eradication programs operate, as are infections 
fTom the udder (Pollock and Neill, 2002). Genital transmission can occur if 
the reproductive organs are infected, but it is extremely rare (Neill et al., 
1994b). 
1.2.1.2. Host risk factors 
In developing countries, it has been hypothesized that M. bovis infects a 
higher proportion of exotic dairy breeds (Bos taurus) than indigenous zebu 
cattle (Bos indicus) and crossbred cattle (Acha and Szyfers, 1987). 
However, under intensive feedlot conditions, a death rate of 6o% and 
depression of growth have been found also in tuberculous zebu cattle 
(Radostits et al., 1994). Francis (1958) considered susceptibility of cattle to 
tuberculosis to be dependent upon the dose and route of infection, with 
little influence from other factors such as host genetics or nutritional status. 
Nevertheless, natural resistance to tuberculosis in cattle has usually been 
considered to be confined to zebu breeds of cattle and its significance in 
developed countries has largely been discounted (O'Reilly and Daborn, 
1995). The effect of host genotype on resistance/susceptibility to 
intracellular bacteria including M. bovis BCG has been identified and 
studied in mice, where resistance has been linked initially to the 'bcg' gene 
(Skamene, 1994) later referred to as nrampi (Blackwell et al., 1994). This 
gene is associated with macrophage capabilities and it has been suggested 
that it operates, at least in part, through regulation of iron availability and 
transportation (Blackwell, 1996; Govani and Gros, 1998). There has been 
considerable effort to identify a parallel relevance of nrampi to human 
tuberculosis. However, it is becoming more apparent that human resistance 
or susceptibility to tuberculosis is multi-genetic in origin (Hill, 1998; Levin 
and Newport, 1999), and it has been suggested that nrampi may not be the 
key player (North and Medina, 1998). 
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Traditional breeding goals for dairy cattle have focused mainly on 
increasing productivity. The intense selection of traits such as milk yield, 
may have led to an increase of disease in the population (Lucey et al., 1986, 
van Dorp et al., 1999). As a result, researchers have begun to examine the 
benefits of including disease resistance or related traits, in the selection 
index. 
1.2.1-3. Environmental factors influencing M. bovis survival 
M. bovis is moderately resistant to heat, desiccation and many disinfectants 
(Radostits et al. 1994). It has been found to survive for up to 178 days in 
sterilized cattle slurry (Scanlon and Quinn, 1999; 2000). Survival of M. 
bovis in the environment is affected mainly by exposure to direct sunlight 
(Mitscherlich and Marth, 1984). Wray (1975) stated that survival times 
could vary from 18 to 332 days, at temperature between 12-24'C, 
depending on the exposure to sunlight. When buried in shaded soil, 
cultures of M. bovis mixed with feces, blood and urine can survive for 700 
days (Wray, 1975). In a more recent study, however, it was shown that M. 
bovis could be recovered from dry and moist soil samples held in 8o% 
shade at 34'C after 4 weeks but not after 8 weeks (Duffield and Young, 
1985). There was an inverse relationship between minimum daily 
temperature and survival time of M. bovis (Jackson et al., 1995). 
1.2.1-4. Environmental factor impacting on host susceptibility 
The cell-mediated immune response capabilities in various animals 
including cattle have been shown to be affected by the level of nutrition in 
terms of protein-energy and micro-nutrients (Pollock et al., 1994). Doherty 
et al. (1995) demonstrated significantly lower numbers of some lymphocyte 
subpopulations in nutritionally deficient cattle. Thus, it can be suggested 
that resistance to tuberculosis is influenced by nutritional factors. in a 
case-control study, Griffin et al. (1993) found an association between 
recurrent herd outbreaks of bovine TB and the presence of rough grazing 
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and also the use of mineral supplementation. These findings suggest that 
nutritional deficiencies may be associated with reduced resistance to 
tuberculosis. Increased susceptibility to M. bovis infection in cattle on a low 
plane of nutrition has been inferred from other field experiences in the 
Republic of Ireland (M. O'Loughlin, personal comm. 1988 cited by O'Relly 
and Daborn, 1995). Specific nutritional factors such as zinc and vitamin D 
have been shown to have important roles in resistance to tuberculosis in 
Guinea pigs (McMurray et al., 199o). This fundamental effect is considered 
to be mediated through well-mediated features of macrophage biology 
(Pollock and Neill, 2002). 
The effects of stress-associated events, such as the release of ACTH- 
cortisone, are known to influence immune responses and resistance to 
tuberculosis in animal models (Brown et al., 1994). Adverse effects of 
pregnancy on cellular immunity have been reported for cattle (Kerr et al., 
1946; Kehrli et al., 1989) and effects of injections of corticosteroids on 
bovine tuberculin skin test reactivity have been described (Doherty et al., 
1995). Seasonal effect has been observed in human tuberculosis in that the 
peak incidence of human tuberculosis occurs in the summer months 
(Doulas et al., 1996); possibly due to the disease development following 
infections acquired during the winter (Pollock and Neill, 2002). The effect 
of season on the incidence of bovine TB should be investigated, particularly 
considering that in many countries cattle are housed in close proximity 
during the winter months, enhancing the potential for a seasonal effect 
(Pollock and Neill, 2002). 
The existence of previous or concurrent contacts with other infectious 
organisms may also affect the resistance of cattle to M. bovis (Pollock and 
Neill, 2002). On the other hand, it is expected that exposure to 
environmental mycobacteria provides a degree of acquired protection from 
tuberculosis (Rook and Hernandez-Pando, 1996). However, the acquisition 
of immune responses to non-pathogenic mycobacteria has been found to 
be 
linked with a lack of development protective immunity following BCG 
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vaccination of cattle (Buddle et al., 2005). This could be that BCG is more 
rapidly cleared in such cattle and does not survive enough to release 
important antigens (Pollock and Neill, 2002). Infections with viruses like 
bovine viral diarrhea virus (BVDV) are known to have immunosuppressive 
effects (Potgieter, 1998). Therefore, susceptibility to M. bovis infection may 
be enhanced in cattle infected with particular viruses. It has been reported 
that infection with BVDV was associated with rapid progression of 
tuberculosis in young cattle (Monies and Head, 1999). 
Housing predisposes cattle to bovine TB, so that the disease is more 
common and serious where intensive farm is practiced (Radostits et al., 
1994). The closer the animals are packed together the greater the chance 
that the disease is transmitted. In spite of the low overall incidence of the 
disease in countries where cattle are at pasture all the year round, 
individual herds with 60-70% morbidity may be encountered (Radostits et 
al., 1994). Amongst beef cattle the degree of infection is usually much lower 
because of the open range conditions under which they kept. 
1.2-1-5. Diagnosis and diagnostic reagents 
Control and eradication programs of bovine TB are based on skin test with 
bovine and avian purified protein derivatives (PPD's) and the slaughter of 
test-positive animals. To improve the specificity of PPD's and effective 
control the disease, more-specific antigens have been identified. In 
addition, diagnostic reagents which distinguish between vaccinated and 
infected cattle can be developed using specific, defined antigens that are 
present in virulent M. bovis but absent from the vaccine strain. Genetic 
analysis of BCG has revealed that several large genomic regions have been 
deleted during attenuation and subsequent prolonged propagation in 
culture (Behr et al., 1999; Gordon et al., 1999; Brosch et al., 2002). These 
regions have been characterized, and antigens from one of the regions, RD1 
have been studied extensively in several species including humans and 
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cattle (Mahairas et al., 1996; Pollock and Andersen, 1997; Lalvani et al., 
2001). RD1 encodes the immunogenic proteins, early secreted antigen 
target 6-kDa protein (ESAT-6) and culture filtrate protein lo (CFP-lo) 
(Sorensen et al., 1995; Harboe et al., 1996). It has recently been 
demonstrated that protein or peptide cocktails composed of two RD1 region 
antigens, ESAT-6 and CFP-lo, can be used to distinguish between BCG- 
vaccinated and M. bovis-infected cattle (Buddle et al., 1999; Vordermeier et 
al., 1999). In recent studies, human T-cell responses to ESAT-6 or CFP-1o 
combined with were found to sensitive or specific for detection of infection 
with M. tuberculosis complex (Mustafa et al., 1998; Ulrichs et al., 1998; 
Ravn et al., 1999; Skjot et al., 2000; van Pinxteren et al., 2000). ESAT-6 
and CFP-1o are therefore promising candidate antigens for inclusion in 
novel immunodiagnostic assays. 
MPB7o and MPB8o (MPB70/8o) and MPB83 are homologous secreted 
mycobacterial antigens which generated much attention because they are 
highly expressed in M. bovis and minimally expressed in M. tuberculosis in 
vitro (Harboe and Nagai, 1984; Wiker et al., 1996; Harboe et al., 1998). 
MPB70 is an important target antigen of humoral and cellular immune 
responses during infection with bovine and human tubercle bacilli 
(Billman-Jacobe et al., 199o; Harboe et al., 199o; Pollock et al., 1994; 
Roche et al., 1994) and has been exploited in humoral tests for diagnosis of 
bovine TB (Harboe et al., 199o). There are no differences between M. bovis 
and M. tuberculosis in the sequences of the expressed proteins encoded by 
the mpb7o1mbt7o and mpb831mbt83 (Terasaka et al., 1989; Radford et 
al., 199o; Matsumoto et al., 1995; Hewinson et al., 1996). Mature MPB83 
differs from MPB70 in that it has a typical lipoprotein consensus motif 
(Hewinson et al., 1996; Vosloo et al., 1997)- Interestingly, the genes coding 
MPB7o and MPB83 are deleted from some strains of BCG strains. 
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1.3. Bovine tuberculosis in Africa 
In industrialized countries, bovine TB is controlled in farm animals, as a result of 
which human infection is minimized, although a potential risk remains. These 
countries are aware of the local and international implications of bovine TB for 
trading in animals and animal products. In Africa, however, bovine TB represents a 
potential health hazard to both animal and human populations, as nearly 85% of 
cattle and 82% of the human population live in areas where the disease is prevalent 
or partially controlled (Anonymous, 1994). In Africa, as in most developing 
countries, M. bovis infection remains largely uninvestigated. Data collected from 
Africa were insufficient to represent the true epidemiological picture of the disease 
(Ayele et al., 2004), yet bovine TB is present in almost all African countries 
(Anonymous, 1994), affecting both domestic and wild animals. Many factors 
account for the failure of African countries to control and eradicate bovine TB, 
many of them politico-economic (Ayele et al., 2004). Added to the high costs of a 
sustainable testing program are problems of social unrest due to political instability 
and ethnic wars, resulting in the displacement of large numbers of human and 
animal populations; lack of veterinary expertise and communication networks; 
insufficient collaboration between neighbouring countries and hence lack of 
quarantine; and smuggling of live animals across state boundaries (Ayele et al., 
2004). On top of these, the scarce human and financial resources are often 
absorbed by the actions against the high incidence of other acute and fatal diseases, 
such as contagious bovine pleuropneumonia, foot and mouth disease, African and 
classical fever and parasitic diseases (Ayele et al., 2004). Table 1.1 shows the 
available data on the occurrence of tuberculosis in animals in African countries. 
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Table m. Data reported to OIE on the occurrence of bovine tuberculosis in African 
countries until 2001*. 
Country 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
Algeria + + + + + + + + + + 
Angola + + + + + + + NR + NR 
Botswana + NR 000 1993 NR NR NR NR NR NR 
Burldna + + NR + + + + + NR NR 
Faso 
Cameroon + + NR NR ? + + + + + 
Cape Verdo NR + NR NR ? ? NR 1987 NR NR 
Central ? ? + + + NR NR NR NR NR 
Africa 
Republic 
Chad + + + + + + NR NR NR 
Comoros ? ? NR NR NR NR 000 NR NR NR 
Ivory Cost + + + + + + + + + + 
Democratic NR NR NR NR NR + NR NR NR NR 
Republic of 
Congo 
Egypt + + + + + + + + + + 
Eritrea + + + NR + + + + + + 
Ethiopia + + + + + NR NR + 
Gabon NR NR NR + NR NR NR NR NR NR 
Gambia NR NR NR NR NR NR NR NR NR 
Ghana + + + + +? + + NR + + 
Guinea NR NR NR NR NR NR 
Kenya 000 NR NR NR + + + + + + 
Lesotho NR NR NR NR NR NR NR + NR 
Libya + ? + NR NR + + + + +? 
Madagascar + + + + + + + + NR NR 
Malawi + + NR + + + + + NR + 
Mali + NR NR NR + + + + + NR 
Mauritius + + NR NR + NR NR NR NR NR 
Morocco + + + + + + + + NR 
Mozambique + + + NR 1995 + + + NR NR 
Namibia 1984 1984 + + + 1995 1995 1995 1995 1995 
Niger + + + + NR + + NR NR + 
Nigeria + + + NR + NR NR NR NR + 
Reunion + NR NR NR + + + + + + 
(RF) 
Sao Tome NR NR NR NR NR NR NR NR NR NR 
and Principe 
Senegal + NR NR NR NR NR NR 
Seychelles NR NR NR NR NR NR NR NR 000 NR 
South Africa + + + + + + + + + + 
Sudan + NR NR NR 1992 1992 1992 1992 1992 1992 
Swaziland NR + NR + +? + + NR + + 
Tanzania + NR NR + NR + + + +? + 
Togo + NR NR + NR + NR NR + + 
Tunisia + + + + + + + + + + 
Uganda + + + + + + + + + + 
Zambia + NR - + - 
+ + NR + NR 
Zimbabwe NR NR NR 1990 1990 1990 1990 1990 1996 1996 
*Data were extracted from the following sources: FAO-OIE-Vv'HO Animal Health Yearbooks, Rome, Italy: OIE: 
1992-1997, and OIE World Animal Health in 1997, Parts 1 and 2, Paris: OIE, 1998-2001; +: disease reported; NR: 
disease not reported; ooo: never reported; 1987 year of last occurrence; ?: suspected but not confirmed; -: no 
information available; +?: serological evidence or isolation of causative agent, no clinical disease 
Source: Ayele et al., 2004 
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Risk factors for the spread of bovine tuberculosis in Africa 
1.3.1.1. Animal reservoirs 
The widespread distribution of M. bovis in farm and wild animal 
populations in Africa represents a large reservoir of this microorganism. 
The spread of the infection from affected to susceptible animals in both 
industrialized and developing countries is most likely to occur when wild 
and domesticated animals share pasture or territory (O'Reilly and Daborn, 
1995). The well documented examples of such spread include infection in 
badgers in the United Kingdom and possums in New Zealand. Wild animal 
TB represents a permanent reservoir of infection and poses a serious threat 
to control and elimination programs. 
1.3-1.2. Milk production and animal husbandry 
Milk production has increased in most developing countries as a 
consequence of greater demand for milk for human consumption. This 
increased demand for milk led to increases in the number of productive 
animals and milk imports and intensification of animal production through 
the introduction of more productive exotic breeds. Although the prevalence 
of bovine TB within a country varies from area to area, the highest 
incidence is generally observed where intensive dairy production is most 
common, notably in the milksheds of larger cities (Acha and Szyfres, 1987). 
Absence of control measures 
Bovine TB can be controlled or eradicated from a country or a region by 
implementing a test-and-slaughter policy, if no other reservoir host exists. 
But although the test-and-slaughter policy remains the mainstay for the 
control of bovine TB, because of financial constraints, scarcity of trained 
professionals, lack of political willingness, as well as the underestimation of 
its importance in both the animal and public health sectors by national 
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governments and donor agencies, a test-and-slaughter policy is not applied 
or applied inadequately in most developing countries (Cosivi et al., 1998). 
Zoonotic importance of Mycobacterium bovis 
The global prevalence of human TB due to M. bovis has been estimated at 
3.1% of all human TB cases, accounting for 2.1% and 94% of pulmonary 
and extra-pulmonary TB cases (Cosivi et al., 1998). In industrialized 
countries, human TB due to M. bovis is relatively rare as a result of TB 
control in cattle. Nevertheless, an estimated <1% of all TB cases in 
developed countries are reported to be caused by M. bovis, probably due to 
reactivation of dormant lesions among the elderly (Grange, 1996). The 
public health significance of M. bovis in Africa remains unknown as few 
laboratories are capable of differentiating M. bovis from M. tuberculosis 
and other members of the M. tuberculosis complex. The primary sources of 
infection for humans are consumption of un-pasteurized milk and close 
association between humans and animals. Rural inhabitants and some 
urban dwellers in Africa still consume un-pasteurized milk and soured milk 
potentially infected with M. bovis (Ayele et al., 2004). Milk-borne infection 
is the main cause of non-pulmonary TB in areas where bovine TB is 
common and uncontrolled (Daborn et al., 1996). Human TB due to M. 
bovis in developing countries today is analogous to the conditions in 1930s 
and 1940S in Europe, where more than 50% of cervical lymphadenitis cases 
in children were caused by M. bovis infection (Cosivi et al., 1995). This is 
exacerbated by the added burden of HIV/AIDS. In industrialized countries, 
the direct correlation between M. bovis in cattle and TB due to M. bovis in 
humans has been well documented, where as little information is available 
from developing countries. 
Human TB caused by M. bovis as a result of human-to-human transmission 
was reported in the Netherlands in 1994 (van Soolingen et al., 1994). 
Evidence of transmission of M. bovis between humans is considered rare 
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and largely anecdotal, and the rate of transmission seems insignificant 
compared to animal-to-animal or animal-to-human infection (Pavlik et al., 
2002). However, among HIV-infected humans, where immuno- 
suppression increases the susceptibility of the host organism to infection 
may be different. M. bovis has been isolated from HIV-infected individuals 
in some industrialized countries, with an additional serious complication of 
high primary resistance to isoniazid, streptomycin, and pyrazinamide 
(Gurrero et al., 1997). Table 1.2 the findings of recent reports of human TB 
caused by M. bovis in industrialized countries. 
Table 1.2. Data on human tuberculosis caused by M. bovis in developed 
countries 
Country Reference Years Number % of M. Pulmonary 
bovis of (% of total 
total TB M. bovis) 
Australia Cousins and Williams (1995) 1970-94 240 0.43-3.1 71.6a 
England Grange and Yates (1994) 1977-90 232 1.2 40 
Germany Krebs and Kappler (1982) 1975-8o 236 4-5 73.7 
Ireland 
Rural Cormican and Flynn (1992) 1986-go 17 6.4 70.6 
Urban Collins et al. (1987) 1982-85 9 0.9 88.8 
New Zealand Brett and Humble (1991) 1983-90 22 7.2 31.8 
Spain Sauret et al. (1992) 1986-go 10 0.9 50 
Sweden WHO (1994) 1983-92 96 2 - 
Switzerland Anonymous (1994) 1994 18 2.6 
u. k1j. &arison ana uarr U970) 1954-06 0-3 33-3 
U. S. Dankner et al. (1993) 198o-91 73 3 52b 
12c 
aOverall percentage includes 8o. 6% males and 51.2%females 
bAdults, Thildern 
Source: Cosivi et al., 1998 
Human TB caused by M. bovis has been confirmed in two Egyptian health 
centers; the proportions smear-positive TB patients infected with M. bovis 
as recorded during three were 0.4%, 6.4%, and 5.4% (Elsabban et al., 
1992). In another study in Egypt, nine of the 2o randomly selected patients 
with TB peritonitis were infected with M. bovis, and the remaining with M. 
tuberculosis (Nafeh et al., 1992). Of the 102 mycobacterial species isolated 
from humans in Nigeria, 4 (3.9%) were M. bovis (Idigbe et al., 1986). In 
Zaire, M. bovis was isolated from gastric secretions of two of five patients 
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with pulmonary TB (Mposhy et al., 1996). In Tanzania, seven of the 19 
lymph node biopsies from suspected extra-pulmonary TB patients were 
infected with M. tuberculosis and four with M. bovis (Daborn et al., 1997). 
In an epidemiological study in Zambia, an association between tuberculin- 
positive cattle and human TB was found (Cook et al., 1996). Households 
that reported a TB case within the previous 12 months were approximately 
seven times more likely to own herds containing tuberculin-positive cattle 
(odds ratio=7.6; P=0.004) in Zambia. In Ethiopia, Kidane et al. (2002) 
reported using PCR that 17% tuberculosis lymphadentis was due M. bovis. 
Similar to the study conducted in Zambia, Ameni et al. (2ool) reported a 
statistically significant association (P<o. oi) between human TB patients 
among cattle owners and tuberculin positive cattle within the herds of the 
households; suggesting the possibility of existence of transmission of 
mycobacteria between animals and humans. 
i. Factors favoring infection of man by M. bovis in Africa 
1-4.1-1. Close physical contact 
Close physical contact between humans and potentially infected animal can 
occur in some communities, especially in developing countries. In many 
African countries cattle are the integral part of human social life; they 
represent wealth and are at the centre of many events and gatherings 
(Cosivi et al., 1998). In addition, 65% of the African population is working 
in agriculture. Thus, a significant proportion of the population in these 
countries may be at risk of M. bovis infection (Cosivi et al., 1998). 
1.4-1.2. Food hygiene practices 
Consumption of milk contaminated by M. bovis has long been regarded as 
the principal mode of transmission from animals to humans (Acha and 
Szyfres, 1987). In regions where bovine TB is uncontrolled, milk-borne 
infection is thought to be the principal cause of cervical lymphadenopathy 
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(scrofula) and abdominal and other forms of pulmonary TB. Although 
proper food hygiene practices could play a major role in controlling these 
forms of TB, such practices are often difficult to institute in developing 
countries. For example, in almost all countries of sub-Saharan Africa, the 
informal dairy sector ignores standards of hygiene and quality, and the 
producers often sell milk and its products directly to the consumers. As a 
result, an estimated go% of the total milk produced is consumed un- 
pasteurized (Walshe et al., 1991). 
HIV/AIDS 
In many developing countries, TB is the most frequent opportunistic 
disease associated with HIV infection; HIV sero-prevalence rates greater 
than 6o% have been found in TB patients in various African countries 
(Raviglione et al., 1995)- Persons infected with both pathogens have an 
annual risk of progression to active TB Of 5% to 15%, depending on their 
level of immuno-suppression (Cosivi et al., 1998). In France, M. bovis 
infection accounted for 1.6% of TB cases in HIV-positive patients; with all 
isolates were resistant to isoniazide (Dupon and Ragnaud, 1992). In 
another study in California, one of the 24 adults with pulmonary TB and 11 
of the 24 adults with non-pulmonary TB due to M. bovis had AIDS 
(Dankner et al., 1993). It is commonly believed that M. bovis is less virulent 
than M. tuberculosis in humans and therefore less likely to lead to overt 
post-primary disease and that human-to-human transmission leading to 
infectious disease is rare (Cosivi et al., 1998). However, if the apparent 
difference in virulence is the result of differences in responsiveness of the 
host's defense mechanisms, HIV-induced immuno-suppression could lower 
host defenses leading to overt disease after infection. 
1.5. Molecular typing of Mycobacterium bovis 
Detailed epidemiological investigations of bovine TB have traditionally 
been hampered by the lack of an established typing system for M. bovis. 
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Strain differentiation has not proved possible using serotyping (Morris and 
Ivanyi, 1985), and only limited typing proved possible using either phage 
typing (Richards, 1974) or biotyping (Barrow and Gallanher, 1981). 
Consequently, with advances in molecular biology during the 198os, typing 
systems based upon the bacterial genome (genotyping) have been 
developed and actively explored. The genomics of the M. tuberculosis 
complex have proved considerably more difficult to elucidate than those of 
many other bacteria due to the difficulties presented by extremely slow 
growth, the unique cell wall composition, the need for protection of 
laboratory personnel and a paucity of cloning vehicles (Shinnick et al., 
1995)- 
The genome of M. tuberculosis complex consists of approximately 4-4 
million base pairs (bp) and is comparatively large for an obligate 
intracellular bacterial pathogen, the majority of which have smaller 
genomes (Bishai, 1998). The DNA of the genome has a high guanine and 
cytosine (G+C) content, of approximately 65% (Cole et al., 1998). A large 
fraction of the genome is devoted to enzymes for the metabolism of lipids 
such as the mycolic acids, which form an essential ingredient of the 
distinctive hydrophobic, waxy cell wall the mycobacteria (Durr et al., 
2000). The genome is also rich in gene regulatory circuits, consistent with 
the need to selectively activate genes in order to survive for a prolonged 
periods within host macrophages, as well as in the outside environment 
during the transmission stage. Another peculiarity of the M. tuberculosis 
complex is the lack of inter-strain genetic diversity (Durr et al. 2000). The 
reason for this conservatism is uncertain, possibly reflecting recent 
evolution of the pathogen (Sreevatsan et al., 1997). An alternative 
explanation is the absence of mechanisms for genetic exchange between 
pathogenic mycobacteria, as neither conjugation nor transformation is 
known to occur, and limited contact occurs with bacteriophages needed for 
transduction (Durr et al., 2000). Much of the genomic polymorphism is 
associated with mobile genetic elements, particularly insertion sequences 
(IS) (Durr et al., 2000). These are small segments of DNA that can insert 
46 
themselves at multiple sites within the genome to provide genomic 
diversity by deactivating genes (Syvanen, 1998). The following are the main 
molecular typing techniques that are widely used. 
1-5a. Restriction fragment length polymorphism (R-FLP) 
This technique involves digestion of the DNA using restriction enzyme 
(either PvuII or Alul) and separation of the fragments using agarose 
electrophoresis. This is followed by Southern blotting of the DNA onto 
nitrocellulose or nylon filter and then adding probes bearing labels or 
markers. These probes are selected to be complementary to only a fraction 
of the DNA of the isolate and therefore after hybridization, only some of the 
fragments will be visualized. The crucial first step for this technique is the 
selection of a DNA element, which, when used as a probe, will reveal 
polymorphisms or DNA differences between isolates. Probes based upon 
repetitive DNA elements are preferred because these bind to a greater 
number of fragments and this can increase the potential to reveal 
polymorphisms (Durr et al., 2ooo). Those repetitive elements that have 
been utilized for RFLP include IS, polymorphic GC-rich repeat sequences 
(PGRS) and direct repeat (DR) sequence (Durr et al., 2ooo). The most 
important IS identified in M. tuberculosis complex is IS611o, a 1,361 bp 
fragment. In M. tuberculosis, Up to 20 copies are present in the genome 
(McAdam et al., 199o; Thierry et al., 199o), and the resulting degree of 
polymorphism has enabled IS61lo-RFLP to become the gold standard for 
molecular epidemiological studies of human tuberculosis (van Embden et 
al., 1993). On the other hand, generally fewer copies of IS611o are present 
in M. bovis than in M. tuberculosis, and the majority of bovine isolates 
have been found to have only a single copy located in the direct repeat 
region (Collins et al., 1993; Cousins et al., 1998b, Perumaalla et al., 1996; 
Romano et al., 1996; van Soolingen et al., 1992). However, this may depend 
upon the infected species, as multiple copies have been reported 
from 
various zoo and wild animals (van Soolingen et al., 1992). Furthermore, 
47 
isolates from some cattle populations may have higher IS611o number. For 
example, 50% of bovine isolates from Spain had had multiple copies 
(Li6bana et al., 1997). The current recommendation is that if strains 
contain more than three copies of the sequence, then IS61lo-RFLP should 
be considered the method of choice due to good discrimination offered by 
this technique (Cousins et al., 1998b). 
Because mycobacteria have a very high G+C content and the polymorphic 
GC-rich sequences (PGRS) are present in the multiple clusters scattered 
throughout the genome. PGRS-RFLP has been developed and evaluated as 
a potential typing method for M. bovis. The results of the investigations 
have indicated that when used to probe M. bovis DNA digested by AluI, a 
good degree of strain differentiation was achieved (Cousins et al., 1993; van 
Soolingen et al., 1994). Cousins et al. (1998a) demonstrated that PGRS- 
RFLP offered a much higher strain differentiation than spligotyping, 
IS61lo-RFLP or DR-RFLP for a large sample of isolates from Europe, 
Canada, Australia and Iran (Cousins et al., 1998a). A similar conclusion 
was reached by a comparative assessment in the Republic of Ireland, using 
isolates from cattle, badgers and deer (Costello et al., 1999). Consequently, 
PGRS-RFLP is recommended as a method of choice when maximum strain 
differentiation is required and multiple copies of IS611o are absent 
(Cousins et al., 1998b). However, the technique is technically demanding 
and consequently, variable results can be obtained, even by experienced 
technicians (Durr et al., 2000). 
1.5.2. Spoligotyping 
Spoligotyping (spacer oligonucleotide typing) is based on the detection of 
DNA polymorphism within the DR locus and relies on the prior 
amplification of the DNA sequence of the highly polymorphic DR locus in 
the chromosome of M. tuberculosis complex. The individual DRs are all 
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potential targets for in vitro PCR amplification, and the variation in spacers 
is exploited to obtain different hybridization patterns of the amplified DNA. 
The amplified products are then hybridized to a set of immobilized 
oligonucleotides, each corresponding to one of the 43 potential unique 
spacer DNA sequences within the DR that have been sequenced from a 
number of M. tuberculosis complex strains. Detection of the hybridized 
DNA is done by chemiluminescence. Spoligotyping for strain differentiation 
of M. bovis has been evaluated, and has been found to be an easy, 
economical and rapid way of typing M. tuberculosis complex strains with 
the DR spacer marker (van Soolingen et al., 1995; Kamerbeek et al., 1997). 
The stability of the markers was demonstrated by showing that all the M. 
bovis BCG strains tested gave the same spoligotyping pattern (Yves-Olivier 
et al., 1-997). Furthermore, none of the 42 atypical mycobacterial strains 
tested gave spoligotyping signal, indicating the specificity of the technique 
for M. tuberculosis complex (Yves-Olivier et al., 1997). SPOlig0typing was 
more discriminative than RFLP analysis for strains with one or two copies 
of IS611o (Yves-Olivier et al., 1997). 
1-5-3. Variable number tandem repeats typing 
Genetic loci containing variable numbers of tandem repeats (VNTR loci) 
form the basis for human gene mapping, forensic analysis, and paternity 
testing (Durr et al., 2000). In this technique, DNA containing VNTR 
sequences is amplified by PCR and the size of the product determined by 
gel electrophoresis. Frothingham and Meeker-O'Connel (1998) identified 
six VNTR loci (ETR-A to F) for typing the M. tuberculosis complex. When 
compared to the RFLP-IS611o fingerprinting, VNTR was demonstrated to 
be less discriminatory for strains with a high copy number of IS611o, but 
allowed improved discrimination for strains with only one o two copies of 
IS611o (Frothingham and Meeker-O'Connel, 1998). The usefulness of this 
technique has not yet been fully assessed for M. bovis, although its 
evaluation is underway for isolates from the Great Britain at the Veterinary 
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Laboratories Agency. Preliminary results suggest that although VNTR gives 
a higher degree of discrimination than spoligotyping, best results are 
obtained by combining the two techniques (Durr et al., 2000). 
1.6. Cattle breeds in Ethiopia 
Ethiopia is characterized by immense geographical and climatic diversity. 
The diversity in climate and altitude has resulted in a variety of habitats 
which in turn lead to a selection pressure on domestic animals. This has 
caused the development of a variety of localized livestock breeds and 
strains (Ayalew and Rowlands, 2004 cited by ILR1,2007). Only limited 
technical information is available on domestic animal genetic resource in 
Ethiopia. Nevertheless, local Ethiopian cattle breeds have been 
characterized recently and 27 different cattle breeds have been described 
(ILRI, 2007). Clustering of breed is observed following different 
geographical locations. Table 1.3 shows the list of breeds of cattle described 
in Ethiopia with their specific features and location. However, this 
classification did not take into account the Holsteins, which were 
introduced from abroad in the last three decades. Holsteins (B. taurus) 
were introduced to Ethiopia by the Ethiopian government for the 
improvement of dairy production. They were introduced mainly from 
United States, Canada and Cuba, and are concentrated in central Ethiopia. 
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As the relevance of discussing each breed to this thesis is minor, this 
section of the review will focus on the major breed groups. The 27 local 
breeds are grouped in the following seven major breed groups: 
1.6.1. Zebu breed group 
In general, zebu cattle were descended from the secondary cattle 
domestication in the and areas of the 'Fertile Crescent' about 500o BP 
(Payne and Wilson, 1999, cited by ILRI, 2007). They are the most recently 
introduced cattle into Africa. Molecular genetic and archaeological 
evidences (Hanotte et al., 2002; Marshall, 2000, cited by ILRI, 2007) 
showed that the introduction of zebu cattle into Africa centering East Africa 
rather than through the land connection between Egypt and the Near East. 
Zebu cattle are better than the humpless cattle in regulating body 
temperature (hence lower body water requirements). Their hardened 
hooves and lighter bones enable them also to endure long migrations. 
These adaptive attributes have facilitated their importation and spread by 
Indian and Arabian merchants across the Red Sea to drier agro-ecological 
regions of the Horn of Africa (Loftus and Cunningham, 2000, cited by 
ILRI, 2007)- 
Small East Afirican Zebu: The Small East African Zebu groups of breeds 
occupy the higher rainfall agricultural areas. The general differences in 
body size between the large and small groups appear to have developed in 
response to environmental adaptation. The broad range of body sizes of the 
numerous cattle breeds of the Small East African Zebu group are attributed 
to the level of management (wealth) and influence of the natural 
environment of the present breeding area. Otherwise, their evolutionary 
origins are similar to that of the Large East African Zebu. The Small East 
African Zebu has spread widely in eastern Africa subsequent to the cattle 
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plague due rinder pest of the early 2oth century, which wiped out the 
dominant Sanga populations (Epstein, 1971, cited by ILRI, 2007). 
Large East Aftican Zebu: The Large East African Zebu breeds of cattle, like 
the present-day Boran of Ethiopia, Kenya and Somalia, and the Butana and 
Kenana of the Sudan are very similar morphologically to the zebu breeds of 
Asia. Mainly pastoral communities in the Horn of Africa maintain them. 
West Affican Zebu: As for other zebu types, the cattle breeds of this group 
are found mainly in the drier regions. Their body conformation resembles 
the zebu cattle of eastern Africa (Epstein, 1971; Payne and Wilson, 1999, 
cited by ILRI, 2007). The increasing aridity of the climate and the 
deterioration of the environment in the Sahel appear to have favored the 
introduction and spread of the zebu, as they are superior to longhorn and 
shorthorn (Bos taurus) cattle in withstanding drought conditions (ILRI, 
2007)- 
1.6.2. Sanga/Zenga breed group 
Sanga: The term 'Sanga' is an Ethiopian word meaning 'bull' and it relates 
to its origin, East and Northeast Africa, where Sanga cattle first evolved as a 
result of the interbreeding of the Longhorn-, Shorthorn- and zebu type 
cattle, commencing about 3000 to 4000 years ago, a process that has 
continued up to the present time (Payne and Wilson, 1999, cited by ILRI, 
2007). The Sanga show a mixture of features from the zebu (humps and 
dewlap) and humpless cattle (long horns). The Sanga breeds of cattle 
dominated the cattle population in the region until 1887, when the Italians 
introduced the cattle plague (rinderpest) into Ethiopia, which killed most of 
the existing Sanga. After the epidemic, zebu cattle were continually 
introduced along the coastline and crossbreeding with Sanga remnants 
resulted in several zebu-Sanga and Sanga-zebu populations (Felius, 1995, 
cited by ILRI, 2007). The present distribution of the Sanga cattle extends 
from Eritrea, through Ethiopia, southern Sudan and the Great Lakes region 
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of East Africa to southern Africa where they are the traditional cattle in all 
countries south of the Zambezi 
Zenga: After the elimination of the dominant Sanga populations by rinder 
pest, zebu cattle were introduced from Asia into Africa at various points on 
the east coast of the continent, and interbreeding with Sanga remnants 
resulted in several zebu-Sanga and Sanga-zebu admixture populations. The 
breeds that emerged from these crosses have been classified in a separate 
group of "Zenga" cattle like Fogera cattle. The Zenga are localized in eastern 
Africa, the natural point of contact of the zebu and Sanga populations 
(ILRI, 2007)- 
jL. 6-3. Bos taurus breed group 
Humpless Longhorns: Archaeological findings indicated that there was an 
African centre of domestication of humpless in the Sahara. Furthermore, 
genetic studies suggested that the present-day humpless cattle populations 
are so divergent from similar cattle populations of Europe (Bradley and 
Loftus, 2000, cited by ILRI, 2oo7). The Humpless Longhorn groups of 
cattle breeds in Ethiopia are represented by the Kuri breed (Rege and 
Tawah, 1999, cited ILRI, 2007). 
Humpless Shorthorns: are generally smaller in body size with shorter horns 
compared to Humpless Longhorns, making them much easier to manage. 
The present-day distribution of the Humpless Shorthorn cattle breeds in 
sub-Saharan Africa is restricted to the tsetse-infested areas of west and 
central Africa (ILRI, 2007). 
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Rational of the study 
Bovine TB can be eliminated from a country or a region by implementing a 
tuberculin skin test-and-slaughter policy, if no other reservoir host of 
infection exists (Cosivi et al., 1998). Although this policy is likely to remain 
the backbone of national elimination of bovine TB programs, it has 
numerous constraints in developing countries. Alternative strategies may 
be technically and economically more appropriate in these countries. 
Measures to prevent transmission of infection should be the primary 
objective to be achieved with trained public health personnel, public 
education, and proper hygienic practices. Test-and-slaughter program may 
be feasible and appropriate in areas with low bovine TB prevalence and 
effective control of animal movement. Vaccination of animals against TB 
would be a viable strategy in domesticated animals in developing countries 
and in wildlife and feral reservoirs of disease in industrialized countries 
where test-and-slaughter programs failed to achieve elimination of the 
disease (Cosivi et al., 1998). 
In sub-Saharan Africa, man and animals are sharing the same 
microenvironment and water sources, especially during draught and dry 
season, thereby potentially promoting the transmission of M. bovis from 
animals to man. According to Cosivi et al. (1998), 6o% of the African, 47% 
of the Asian and 38% of the Latin American and Caribbean countries 
reported the occurrence of bovine TB from sporadic to enzootic. 
Approximately 85% of the cattle and 82% of the human population of 
Africa live in areas where bovine TB is either partly controlled or not 
controlled at all (Cosivi et al., 1998). In such countries, where bovine TB is 
still common and pasteurization of milk is not practiced, an estimated lo- 
15% of human tuberculosis (TB) is caused by M. bovis (Ashford et al., 
2001). A compulsory eradication program based on the slaughter of 
infected animals detected by the single intradermal comparative cervical 
tuberculin test has resulted in dramatic reduction of the prevalence of 
bovine TB in developed countries except in countries with wildlife reservoir 
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(Krebs, 1997). However, this control policy is generally not being applied in 
developing countries because of logistical and financial constraints. 
Vaccination seems to be the best option for controlling bovine TB 
particularly in developing countries. To this end, identification of an 
immune response correlate for protection against bovine TB would greatly 
facilitate the rational development of an effective vaccine (Buddle et al., 
2005). Furthermore, understanding of the underlying immune 
mechanisms is very useful in appropriate designing different diagnostic 
methods at different stages of the disease. 
Observations on both field cases of bovine TB and cattle which were 
experimentally infected with M. bovis, have indicated that a 'spectrum' of 
immune responses exists within this infection (Ritacco et al., 1991; Neill et 
al., 1994a) i. e. cell-mediated immune responses (CMI) predominate in less- 
advanced forms of the disease while the humoral antibody response 
develops as the disease progresses. As indicated in Figure 1.6, in advanced 
and disseminated tuberculosis, cattle may also become CMI-anergic, when 
animals demonstrate no detectable CMI response as measured in skin test, 
but may have high levels of circulating antibody (Plackett et al., 1998; Neill 
et al., 1994a). In human tuberculosis, it has been reported that anergy is 
more prevalent in advanced cases, and up t025% of patients with active 
tuberculosis have been found to be skin test negative (Toossi and Ellner, 
2000). Although the mechanisms of tuberculosis-anergy have not yet been 
well-understood, it has been found that monocytes have a suppressive 
effect on T-cells possibly mediated through TGF-P (Toossi et al., 1995) and 
the antigen specific T cell may induce anergy by producing interleukin-lo 
(IL-1o) in absence of IFN-y 
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Figure 1.6. Diagrammatic representation of the spectrum of immune responses in cattle following 
infection with M. bovis. 
Cell-mediated immune (CMI) responses develop initially, with humoral antibody responses developing 
as bacillary load increases (from left to right). A state of 'anergy' occurs in advanced disease, where CMI 
are not detected. Initial pathological changes are associated with the onset of CMI responses and 
pathology. increases as the disease progresses 
Source: Pollock and Neill, 2002 
Although it has been difficult to identify immune correlates for protection 
prior to M. bovis challenge, a number of parameters have been associated 
with disease progression. Strong IFN-7 responses after vaccination before 
challenge generally correlate with protection but after challenge strong 
IFN-7 responses correlate with severity of disease (Vordermeier et al. 2002; 
Buddle et al., 2005). Experiments indicated that the high concentrations 
IFN-7 released from bovine PPD-stimulated whole blood cultures following 
M. bovis challenge correlated with severity of disease (Buddle et al., 2005). 
In a vaccination/challenge study, Vordermeier et al. (2002) found that 
following challenge, IFN-7 response to ESAT-6 correlated positively with 
lesion scores in infected animals. In addition, a positive correlation was 
observed between IgG response to MPB83 following boosting with 
tuberculin skin test and the M. bovis bacterial load (Lyashchenko et al., 
2004). Furthermore, a positive association was observed between 
expression of IL-4 mRNA from peripheral blood mononuclear cells 
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(PBMCs) stimulated with bovine purified protein derivative (PPD) and the 
appearance of tuberculous lung lesions (Wedlock et al., 2003). 
The most significant development in the diagnostics of bovine TB was the 
development of IFN-, y assay (Wood et al., 199o; Wood and Rothel, 1994). 
This assay has been used extensively for the diagnosis of M. bovis and has 
been found to be particularly useful in detecting cattle during the initial 
stages of cellular responses, which dominate early infection (Pollock and 
Neill, 2002). It has been shown that the IFN-, y assay can be applied using 
PPD or reagents with increased specificity to the M. tuberculosis complex. 
ESAT-6 has been shown to improve the specificity of IFN-, y assay compared 
to PPD (Pollock and Andersen, 1997)- In study based on skin test positive 
and negative cattle, it was found that the use of ESAT-6 in the IFN-'y assay 
improved specificity of the test to 99.2% compared to 92.2% for PPD 
(Pollock et al., 2000). This test has been evaluated at different geographical 
locations (Wood et al., 1991; Diana and Carole, 1995; Ameni et al., 2000) 
and found to be effective for detecting infection with M. bovis. It has been 
reported that the level of IFN-, y response to ESAT-6 correlated with 
subsequent pathological findings in experimental bovine TB (Vordermeier 
et al., 2002). Furthermore, ESAT-6 and CFP-1o were found to be effective 
as differential diagnostic reagents since they are able to differentiate M. 
bovis infection from BCG vaccination (Buddle et al., 1999; Vordermeier et 
al., 2001; Cockle et al., 2002). 
However, as the disease progresses and all animals developed stronger 
IFN-y responses, the relationship between IFN-y response and the level of 
disease becomes less distinct (Pollock et al., 2005). Additionally circulating 
IgGi antibody levels also correlate positively with pathological changes in 
bovine TB over an extended time period (Pollock et al., 2005). Fifis et al. 
(1989) reported that the use of a largely M. bovis specific protein (MPB70) 
in an ELISA for bovine TB greatly improved the specificity of this assay. 
This result was supported by that of Harboe et al. (199o) and Lightbody et 
al. (1998). In experimentally infected cattle, an inverse relationship 
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between antibody titer and DTH reactions was observed (Harboe et al., 
1990). 
In addition to the host's immune response, ranges of other factors such as 
genotype, cattle husbandry, age as well as presence of inter-current 
infections and possibly the differences in the virulence of strains of M. 
bovis was influence the immune response and the performance of 
diagnostic reagents. Studies in both humans and mice have shown that the 
immune response to particular mycobacterial antigens varies with genetic 
background of the individual animal involved (Ivanyi and Sharp, 1986; 
Bothamley et al., 1989). Therefore, antigens need to be initially evaluated in 
different breeds of cattle. The first objective of this project is therefore to 
assess immune responses to the recently developed diagnostic proteins, 
ESAT6 and CFPlo, in different breeds of cattle in Ethiopia. Further, IgG 
response to the sero-dominant mycobacterial antigens, MPB7o and 
MPB83, will be assessed for their diagnostic value in two breeds of cattle in 
Ethiopia. 
Cattle have demonstrated variable responses to a wide range of disease 
challenges. Disease challenges arise from different pathogens including 
bacteria, viruses, parasites, fungi, as well as from metabolic disorders and 
toxins. As reviewed by Morris (2007), variable degrees of resistances have 
been observed to mastitis, ketosis, lameness, nematode parasites, external 
parasites, eye disease, respiratory disorders, tuberculosis, brucellosis, 
Johne's disease, foot-and-mouth disease, bovine spongiform 
encephalopathy, and metabolic disorders within Bos taurus cattle. Much of 
the variability in resistance to diseases is attributed to genetic background 
of the hosts, which influences the immune response to fight against these 
diseases. As a result of variability in resistance to diseases among different 
breeds, industries and breeding societies have started applying selection of 
resistance to one or more diseases as part of a complete breeding objective 
in dairy cattle, beef cattle or dual purpose livestock (Morris, 2007). It has 
also been reported that Bos indicus, the Sahiwals, which originates in a T. 
59 
annulata endemic area, is resistant to this parasite (reviewed by Glass and 
Jensen, 2007). These authors observed that although Sahiwals become 
infected with the parasite, they exhibit fewer clinical signs and recover from 
a dose of parasite, which is fatal to in the Holstein (Bos taurus). The 
dissimilar susceptibility to tropical theileriosis exhibited by Sahiwal and 
Holstein cattle could be due to breed-specific differences in the interaction 
of infected cells with other immune cells, which influences the immune 
response against the parasite (Jensen et al., 20o8). Natural 
trypanotolerance of certain African Bos taurus cattle in West Africa (e. g. 
N'Dama), in contrast to trypano-susceptible cattle breeds like Boran cattle 
(i. e. a Bos indicus, zebu breed), have highlighted that differences in genetic 
traits of cattle breeds can result in different degrees of resistance to 
infectious diseases (reviewed by Naessens et al. (2002). The role of BoLA- 
DRB3 gene in the development of immune response against diseases 
suggested its role in disease resistance in cattle, and its polymorphic nature 
made it a candidate gene in disease resistance studies (reviewed by Parnian 
et al., 2oo6). Association was observed between infectious diseases of cattle 
and BoLA genes in United States and Canadian dairy cattle (Dietz et al., 
1997; Sharif et al., 1998). 
Interestingly, studies over the last loo years have also indicated differences 
in the relative susceptibility to bovine TB between different breeds of cattle. 
For example, Liston and Soparkar (1917) and Soparkar (1925) concluded 
that Indian dairy cows of different Bos indicus breeds were more resistant 
to experimental bovine TB than European, Bos taurus, breeds. A more 
recent comparison of slaughterhouse examinations in India also indicated 
that Indian breeds were less affected by bovine TB than pure European 
breeds like Jersey, Holstein, Friesians, Brown-Swiss (Sharma, 1985). The 
large-scale studies by Liston and Soparkar (1917), and Soparkar (1927) were 
ultimately flawed because they were unable to obtain and infect European 
breeds at that time (i. e. were lacking comparative control groups of 
European breeds). This meant that they had to compare their results using 
Indian breeds with results obtained much earlier in a different study using 
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European breeds conducted in the U. K. (Corbett, 1907). The incidence of 
bovine TB in East Africa, in particular in Uganda, in relation to cattle 
breeds, was studied by Carmichael in the 1930s- Such studies suggested 
that the incidence of bovine TB is lower in Zebu cattle compared to Ankole 
(Bos taurus) cattle (Carmichael, 1939). On top of genetic factors, evidences 
suggest that an adequate intake of mineral, vitamin, and protein reduces 
susceptibility of cattle to M. bovis infection, and reduction in susceptibility 
of cattle to M. bovis infection can be achieved by modifications to 
management system to minimize risk factors (reviewed by Phillips et al., 
2002). However, this issue still has to be resolved definitively, and hence, 
warranted a re-visit applying modern immunological approaches. 
Similarly, a series of studies were undertaken over the past 50 years on the 
host genetic and immunity influences in resistance to human tuberculosis, 
and have suggested that host genetic factors influence susceptibility to 
tuberculosis (Cooke and Hill, 2001). Recent advances in understanding of 
human variation in immune system and its effects on the macrophage 
function, and influences on M. tuberculosis susceptibility has been 
reviewed by Berrington and Hawn (2007). A number of candidate genes 
including HLA, Siclial, IFN-y, TIRAP/MAL, and CCL2 have shown 
consistent effects in their association with susceptibility to tuberculosis. 
Thus, besides the validation of the diagnostic values of these antigens, this 
study will determine the responder frequencies to PPD, ESAT6-CFPlo 
protein cocktail as a measure of disease prevalence, combined with the 
results of tuberculin reactivity and serological. responses, to determine if 
Holstein and Zebu breeds of cattle recognize these antigens with different 
responder frequencies. As it is conceivable that different breeds display 
different strengths of cellular and humoral immune response, the present 
study was designed to evaluate IFN-, y responses in Holstein and Arsi (Bos 
indicus) cattle in Ethiopia. In addition, the husbandry system in which 
cattle are kept could influence the IFN-y response to these antigens as well 
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as disease severity and pathology. To address some of these questions, we 
investigated lesion distribution and disease severity in cattle of different 
breeds kept under different husbandry conditions. 
Factors such as lack of quarantine and smuggling of live animals across 
boundaries, which is very common among east African countries, promote 
the transmission of M. bovis from one country to another. This underlines 
the necessity for the investigation of the molecular epidemiology of M. 
bovis within and across countries so that strains circulating in the cattle, 
human and wildlife populations are identified. The most common 
molecular typing method applied to M. bovis in developed countries is 
spoligotyping (Durr et al., 2000) while restriction fragment length 
polymorphism (RFLP) using insertion sequence (IS) 611o is the preferred 
typing method of M. tuberculosis (Van Soolingen et al., 1993). 
Spoligotyping has been used for the investigation of molecular 
epidemiology of M. bovis and that of M. tuberculosis with low-copy- 
number of IS611o (de La Salmoniere et al., 1997; Goyal et al., 1997; Bauer 
et al., 1999; Lutze-Wallace et al., 2005). Similar to spoligotyping, variable 
number tandem repeat (VNTR) is a PCR-based technique to determine the 
number of tandem repeats of the species of M. tuberculosis complex. The 
VNTR system originally described by Frothingham and Meeker-O'Connell 
included 6 exact tandem repeats (Frothingham and Meeker-O'Connell 
1998). These loci vary in the length of internal repeat units, giving alleles 
that vary in size. Strains are named on the basis on the number of repeats 
at each allele, Le. 7-5-5-4-3-3 would have 7 copies of allele A, 5 of B, etc. 
investigation of the spoligotype patterns and VNTR profile of M. bovis 
strains would be useful for mapping epidemiology of bovine TB and control 
of its further spread. 
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1.8. Objectives of the study 
General objective 
Assessment of the epidemiology, pathology and immunology of bovine TB 
in Bos indicus and Bos taurus cattle in central Ethiopia. 
Specific objectives: 
a) Immune response and pathology: 
* To assess the immune response to mycobacterial antigens in Bos 
indicus and Bos taurus 
e To investigate the severity of pathology of bovine TB in Bos indicus 
and Bos taurus cattle 
9 To identify and characterize M. bovis strains isolated from cattle 
tissue in central Ethiopia. 
b) Epidemiological investigation: 
0 To determine the prevalence of bovine TB in Bos indicus and Bos 
taurus using tuberculin skin, IFN-7, and rapid serological tests. 
0 To test the hypothesis that Bos indicus could be more resistant than 
Bos taurus in developing tuberculosis on the basis of responder 
frequencies. 
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CHAPTER 2 
MATERULS AND METHODS 
2A. Description of the study area 
The study was conducted in two zones (Figure 2.1), namely West Shewa 
Zone (Holeta area) and North West Shewa Zone (Selalle), which are 
located in the central highlands of Ethiopia. The topography of the two 
areas is predominantly temperate and thus conducive to dairy production. 
Smallholder farmers rear dairy cattle for production of milk that is sold to 
the consumers. Private intensive dairy production is also practiced in the 
two zones and is a more recent development. The two zones were selected 
as relatively high concentration of Holstein and/or crosses are found 
alongside native zebus (mainly of the Arsi breed). In addition, the two study 
zones are among the few areas of Ethiopia where the two types of cattle 
breeds and their cross-breeds are kept under homogenous conditions by 
the traditional farmers. Thus it was believed that such a comparative study 
can be performed in these zones. The study districts and villages were 
further selected on the basis of the concentration Holstein and their 
interaction (mix up) with zebu. 
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Figure 2.1. Map of study areas: Selalle and Holeta 
These areas are known for their production. They are the main sources of milk for the City 
of Addis Ababa with an estimated population Of 5 million. 
2.2. Study animals and sampling 
Cattle farming in Ethiopia are classified into three husbandry systems: (1) 
intensive farming (2) semi-intensive (smallholder) farming, and (3) 
extensive (pastoral) farming. As indicated in Chapter 1, there are 27 breeds 
of cattle that were described recently by ILRI (2007); this classification and 
description did not take Holsteins into account. Holsteins were introduced 
to Ethiopia in the last three decades by the Ethiopian government so as to 
improve dairy production in Ethiopia. They are found mainly in central 
Ethiopia (Holta, Selalle, Addis Ababa, Debre Zeit, Nazerath, Debre Birhan 
etc). Thus, in our study area, broadly, there are three types of cattle: 
Holsteins (exotic), Zebu, and crossbreed (Holstein x Zebu) breeds. The 
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other types of breeds described in Chapter 1, are distributed throughout 
Ethiopia and thus, approximately more than 95% of the Ethiopian cattle 
population is estimated to be of none-Bos taurus group including large and 
small East African zebu, west African zebu, Sanga, Zenga breed 
groups. (ILRI, 2007). Holsteins and their crosses are limited to few areas 
such as in and around Addis Ababa, Selalle (central), Arsi (southeast), 
Wolaita (southern) and other urban areas. On the other hand, in almost all 
of the rural areas of Ethiopia except few places such as Selalle and Holeta, 
farmers extensively keep the other groups of breeds. In order to undertake 
a comparative study among Holsteins, zebus and crosses of Holsteins and 
zebus, it is important to focus on areas where the three breeds are kept 
under a similar husbandry conditions. Thus, Selalle and Holeta were 
selected as farmers in these places keep the three breeds under identical 
management conditions. 
The total number of Holsteins and crosses in the study areas is estimated to 
be 40,000 out of which about 30, ooo are managed by traditional farming 
(grazing in the field) by local farmers, while the other io, ooo are managed 
under intensive/semi-intensive cattle farming. All of the farmers who keep 
either Holsteins or crosses do also keep zebu, as keeping Holsteins is a new 
development in these areas. The average herd size (at household level) in 
traditional cattle farming is 1o; half of which are Holsteins/cross while the 
other half are zebu. The ratio of Holsteins to zebu in the study herds was 1: 3 
while that of Holsteins to crosses was 1: 2. The total numbers of herds that 
keep mixed breeds under traditional management in the study area were 
estimated to be 6, ooo. 
Differentiation between Holsteins and crosses was made on the basis of 
history of the their dams and sires. In addition, the presence or absence of 
phenotypic characteristics such dewlap, hamp, as well as the amount of 
milk production were used for the differentiation of the two breeds.. 
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For the epidemiological study animals were selected from those herds with 
at least one Holstein or cross breed together with zebu cattle. All sampled 
herds keep zebu as well as either Holsteins, crosses, or both. For this study, 
a total Of 573 (lo% of the target herds) herds were randomly selected and 
tested. Once herds were selected, all cattle within the herds with the age of 
over 6 months were tested. The numbers of cattle included in this study 
encompassed about 925 Holsteins (Figure 2.2), 1921 crosses (about lo % of 
the total number of cattle of these two categories available in the study 
population), and 2578 zebus (9 % of the available zebu population in the 
study area) (Figure 2.2). The age structures of all the three breeds were 
similar as all the three breeds were kept for the same purpose i. e. females 
predominantly for milk production while males for plowing. Moreover, the 
physical conditions of the three breeds are similar as they were managed 
under identical husbandry system. 
Arsi Breed (Large East African 
Zebu), Bos indicus 
Holstein (Bos taurus) 
Figure 2.2. Pictures Bos indicus (Ethiopian Arsi) and Bos taurus, which are 
farmed in central Ethiopia. 
For the investigation of immunological responses to mycobacterial 
antigens, a total Of 153 (8o Holsteins and 73 zebus) skin test reactors were 
used. After collection of blood samples for immunological assays, these 
animals were slaughtered for post mortem examination, and pathology 
scoring. All the 73 zebus and 50 of the 8o Holsteins were obtained from 
grazing herds that were kept under identical traditional cattle management 
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in Selalle while 30 of the Holsteins were obtained from an intensive herd, 
and hence were not used for comparison of severity of pathology between 
the two breeds to avoid the bias that could be caused by the intensive 
husbandry. These 123 cattle were obtained from amongst the 5,424 cattle 
tested for bovine TB prevalence and were selected on the basis of the level 
of skin indurations and willingness of the owners to sell them for this 
research purpose. The spectrum of PPD-B and PPD-A responses was 
similar between the two breeds, and each animal was selected when 
response to PPD-B minus response to PPD-A was greater than 4mm. 
2.3. Body condition scoring 
The physical condition of each of the study animal was scored using the 
guidelines established by Nicholson and Butterworth (1986). Accordingly, 
on the basis of observation of anatomical parts such as vertebral column, 
ribs, spines, tip of tail etc., the study animals were classified into lean 
(Score 1-3), medium (4-6), or fat (7-9) groups. 
2.4. Mycobacterial antigens 
Several mycobacterial antigens were used for the different tests in this 
study. Purified protein derivatives (PPDs, avian PPD and bovine PPD, 
Veterinary Laboratories Agency, Weybridge, U. K. ) were used for the skin 
test and in vitro immunological assays. For they-IFN test, the same PPDs 
as well as a cocktail of early secretary antigen target 6kDa (ESAT-6) and 
culture filtrate protein 1okDa (CFP-lo) were used, both were supplied 
Lionex, Braunschweig, Germany. For the lateral flow assay and multiple 
antigen print immunoassay (MAPIA) ESAT-6 and CFP-lo, MPB59, MPB64, 
MPB70, and MPB83, Alpha-crystalline (Acri) and the 38-kDa protein, 
poly-protein fusions ESAT6/CFP-lo and Acri/MPB83, M. bovis culture 
filtrate were used. MAPIA strips were supplied by Chembio, New York, 
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USA. A panel of antigen was used to compare -IFN-, y and IL-1o responses in 
infected animals. Details of this antigen panel are listed in Table 2.1. 
Table 2.1. List of mycobacterial antigens used the comparative study of immune response between B. indicus (Arsi breed) and B. taurus (Holstein) in 
Antigens 
Protein 
Worldng 
Peptide concentration 
s (ng/ml) 
Supplier 
1. ESAT-6-like: 
CFP-lo x 5 ng/ml Lionex, 
ESAT-6 x 5 ng/mI Lionex 
Rv0288 x 5 ng/mI ProtiX2 
Rv0287 x 2 ng/ml Dr Mustafa3 
Rv3019c x 5 ng/ml Lionex 
2. Heat-shock proteins: 
HSP65 x 5 ng/ml Lionex 
HSP70 x 5 ng/mI Lionex 
Acri x 5 ng/ml Lionex 
Acr2 x 5 ng/mI Protix 
3- Secreted antigensl 
lipoproteins: 
Ag85A x 5 ng/mI Lionex 
Ag85B x 5 ng/mI Lionex 
MPB83 x 5 ng/ml Lionex 
MPB70 x 5 ng/ml Lionex 
19 kDa antigen x 5 ng/ml Lionex 
38 kDa antigen (Pst-1) x 5 ng/ml Lionex 
4. Misc- 
Rvogog x lo ng/mI Pepscan4 
Rv3616c x lo ng/ml Pepscan 
Mb2555 x 5 ng/ml VSD5 
Mb2890 x 5 ng/ml Lionex 
Mb3895 x lo ng/ml Pepscan 
Rv3879c x 5 ng/mI VSD 
Rv1196 x 2 ng/mI Dr Mustafa 
Rv1769 x 5 ng/mI Lionex 
'Lionex, Branuschareng, Germany; 2Protix Prague, Czech Republic; 3Dr A. 
Mustafa, Kuwait University, Kuwait; 4Pepscan, Lclystad, The Netherlands; 
Weterinary Science Division (VSD), Belfast, Northern Ireland 
2.5. Comparative intradermal -tuberculin (CIDT) test 
Two sites on the right side of the mid-neck, 12 cm apart were shaved and 
the skin thicknesses were measured with calipers. One site was injected 
with an aliquot of o. 1ml containing 2500 IU/ml bovine purified protein 
derivative (PPD) (Veterinary Laboratories Agency, Addlestone, Surrey KT15 
3NB, U. K. ). Similarly, 0.1MI Of 2500 IU/ml avian PPD (Veterinary 
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Laboratories Agency, Addlestone, Surrey M5 3NB, U. K. ) was injected into 
the second site. After 72 h, the skin thickness at the injection sites was 
measured. The interpretation of the result was such that when reactions 
were observed at both injection sites, the difference between the two 
reaction sizes was considered. Thus, an animal was classified as tuberculin 
positive if the increase in the skin thickness at the injection site for bovine 
PPD (B) was at least 4 mm greater than the increase in skin thickness at the 
injection site for the avian PPD (A) (OIE, 2004). 
2.6. Whole blood culture and BOVIGAM IFN-y assay 
Blood samples were collected from the jugular veins of study cattle into 
heparinised vacutainers and transported to the laboratory within 8h of 
collection. Whole blood was dispensed at 2500 volume into the wells of 96- 
well flat bottom culture plates. Antigens were added in 25 RI aliquots to give 
final assay concentrations of: avian PPD (1o gg/ml), bovine PPD (1o 
gg/ml), and the ESAT6-CFP1o protein cocktail (5 gg/ml of each protein). 
Phytohemaglutinin (PHA) (5 gg/ml) and saline (25 gl) were used as 
positive and negative controls, respectively. Cultures were incubated at 
37C in a humid 5%CO2atmosphere, for 48 h and supernatants harvested 
and frozen. Levels of IFN-y in the supernatants were measured with ELISA 
using the bovine IFN-y (Bovigam) test kit (Commonwealth Serum 
Laboratories, Victoria, Australia) as per the manufacturer's instructions. 
2.7. Lateral flow assay 
Blood samples were collected from 196o cattle for extraction of sera for 
rapid serological test. A rapid immunochromatographic assay, the VetTB 
STATPAK test, which was developed by Chembio Diagnostic Systems, Inc., 
Medford, N. Y., to detect antibodies of three isotypes (IgM, IgG, and IgA) 
against mycobacterial antigens was used for the rapid serological assay. 
This test was performed following the procedure described by Waters et al. 
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(2oo6). The test employs a unique cocktail of M. tuberculosis or M. bovis 
antigens and a blue latex bead-based signal detection system (lateral-flow 
system). The ready to use device consists of a plastic cassette containing a 
strip of nitrocellulose membrane impregnated with test antigen and 
laminated with several pads made of glass fiber and cellulose. Thirty 
microliters of serum and 3 drops of sample diluents were added 
sequentially to the sample pad. As the diluted test sample migrates to the 
conjugate pad, the latex particles conjugated to antigen bind antibody, if 
present, thus creating a colored immune complex. Driven by capillary 
forces, this complex flows laterally across the nitrocellulose membrane 
impregnated with specific antigen and binds to the immobilized antigen, 
producing a visible blue band in the test area of the device. In the absence 
of specific antibody, no band is visible in the test window. The liquid 
continues to migrate along the membrane, producing a similar blue band in 
the control area of the device, irrespective of the presence of specific 
antibody in the test sample, demonstrating that the test immunoreagents 
are functioning properly. Test results were read at 20 minutes and 
interpretation of the result was done on the basis of the intensity of the 
band in test area. Accordingly, when there was no visible band, weak band, 
moderate or strong band, the test was considered as negative (o), weak 
positive W, moderately positive (++), or strongly positive 
respectively. 
2.8. Enzyme-linked immunospot (ELISPOT) assay 
For this test peripheral blood mononuclear cells (PBMQ were isolated 
from 13 zebus and 14 Holsteins. Histopaque-1077 (Sigma-Aldrich, Poole, 
UK) gradient centrifugation for 45 minutes at 8oo xg was used for the 
separation of PBMCs. The PBMCs were washed twice in HBSS (Gibco, 
Paisley, UK) supplemented with Heparin (Leo, Ballerup, Denmark) by 
centrifugation for 5 minutes at 500 x g. The cells were then counted in a 
haemocytometer in the presence of Trypan Blue Solution (Sigma-Aldrich) 
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and re-suspended at 2X 106cell/mL in Rosewell Park Memorial Institute 
(RPMI) 1640 media supplemented with control process serum replacement 
(CPSR)-3 (Sigma-Aldrich), non-essential amino-acids (Sigma-Aldrich), 5x 
10-5 M 2-mercaptoethanol (Sigma-Aldrich, UK), 1ooU/mL pencillin and 
loomg/mL streptomycin (Sigma-Aldrich). For the ELispot assay, 
polyvinylidene difluoride (PVDF) micro-plates were coated at 4'C with 
loogl/well anti-bovine IFN-, y capture monoclonal antibody (mAb) 5Dlo 
(BioSource, Wheatley, UK) diluted 1: 6oo in sterile coating buffer (1.6g 
Na2CO3,2. qNaHCO3 in 1L distilled water). The plates were then washed 
twice with RPMI-164o and then blocked with RPMI-1640/10% fetal calf 
serum (FCS) for 2h at 370C. After removing the blocking solution, loogl 
(2X106 cells/ml) PBMC in complete medium-CPSR-3 was added into each 
well and stimulated with loogl avian PPD (1o gg/ml, assay concentration), 
loog]. bovine PPD (1o gg/ml, assay concentration) and loogl mitogen 
staphylococcal enterotoxin B (SEB, Sigma Aldrich, 5 pg/ml, assay 
concentration) and the microplates were placed into a humidified 370C and 
5%CO2 incubator for 48 h. After incubation, the plates were washed four 
times with PBS-T, which was followed by the addition of loogL monoclonal 
anti-rabbit IgG alkaline phosphatase conjugated to streptavidin (Sigma 
clone R696 diluted 1: 2000in PBS-T/BSA) and incubated for 1h at room 
temperature. Bromo-4chloro-3indolyl phosphate (BCIP) nitroblue 
tetrazolium (NBT) substrate was prepared by vortexing one buffered 
BCIP/NBT substrate tablet (Sigma-Aldrich) in lo mL distilled water 2-3 
minutes. This was followed by the addition of ioogl, the substrate solution 
and incubation for lo minutes in the dark. Thereafter, the substrate was 
flicked off, the plastic manifold was removed, and the plates were washed 
with water on the front and back. Then, the plates were air dried and read 
using the automated AID ELISPOT Reader. 
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2.9. Interleukin-io (IL-io) assay 
IL-1o assay was undertaken on 13 zebus and 14 Holsteins CIDT-positive 
cattle. A capture antibody coated Immulon plates for bovine IL-1o (4gg/ml, 
CC318 in PBS, Abdscotoc, Kidlinston, UK) were used. To each well, loogl of 
capture antibody was added and kept overnight at room temperature. The 
capture antibody was flicked off and then, the wells were blocked with 4% 
BSA (Sigma-Aldrich) in PBS; 2001g per well. After incubation at room 
temperature, the plates were washed five times in PBS 0.05% Tween 20. 
This was followed by the addition Of 5091 Of 4% PBS-BSA (blocking buffer) 
and 5091 serum sample or the standard (gift of D. J. Hope, Institute of 
Animal Health, Compton, UK) to each well. After incubation for 1h at room 
temperature, the plates were washed five times in PBS 0.05% Tween 20. 
Thereafter, loogl anti-bovine IL-1o (CC320biotin, (AbDSerotec, Kiddlington, 
UK), igg/ml in blocking buffer) was added into each well and incubated for 
1h at room temperature after which the plates were washed as described 
above. This was followed by the addition of loogl of horse radish 
peroxidase (HRP) conjugated streptavidin and incubation at room 
temperature for 45 minutes. Thereafter, the plates were washed five times 
and loogl of substrate, p-nitrophenyl phosphate tablets (Sigma-Aldrich) 
dissolved in PBS and color development was read on spectrophotometer. 
2.1o. Bovine IL-4 assay 
Blood samples were collected from the jugular veins Of 30 CIDT-positive 
(16 Holsteins and 14 zebus) cattle into heparinised vacutainers and 
transported to the laboratory within 8h of collection. Sstimualtion of whole 
blood with mycobacterial antigens was performed following the procedure 
described above for the bovigam assay. Cultures were incubated at 370C in a 
humid 5% CO, atmosphere, for 48 h and supernatants harvested and 
frozen. Levels of IL-4 in the supernatants were measured with ELISA using 
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the bovine IL-4 screening set (Endogen) test kit (Pierce Biotechnology Inc. 
www. endogen. com) as per the manufacturer's instructions. 
2.11. Multiple antigen print immunoassay (MAPIA) 
MAPIA was performed as described previously (Lyashchenko et al., 2000) 
on sera of 16 cattle (8 Holsteins and 8 zebus). Briefly, antigens were 
immobilized on nitrocellulose membranes (Schleicher & Schuell, Keene 
NH) at a protein concentration Of 0-05mg/ml using a semi-automated 
airbrush-printing device (Linomat IV, Camag Scientific Inc, Wilmington, 
DE). The membrane was cut perpendicular to the antigen pads into 4 mm 
wide strips. Strips were blocked for 1h with 1% nonfat skimmed milk in 
PBS with 0.05% Tween 2o and then incubated for 1h with serum samples 
diluted 1: 50 in blocking solution. After washing, the strips were incubated 
for 1h with horseradish peroxidase-conjugated protein G (Sigma) diluted 
mooo for IgG detection or with peroxidase-labeled antibody to bovine IgM 
(Kikegaard and Perry Laboratories) diluted 1: 500, followed by another 
wash step. Bovine antibodies bound to printed antigens were visualized 
with TMB membrane peroxidase substrate (Kirkegaard &Perry 
Laboratories, Gaithersburg, MD). Results were evaluated by visual 
observation for the formation of band against of the antigens used. 
2.12. Antibody detection for Johne's disease and 
Fasciolosis 
To assess the presence of paratuberculosis and fasciolosis in our study 
population, 263 sera samples were randomly picked and submitted to the 
Serology Unit of the Veterinary Laboratories Agency (VLA). Antibody for 
Mycobacterium avium subsp. paratuberculosis was investigated in the 
sera following SOP of VLA, which is based on the CSL Parachek kit (OIE, 
2000) using indirect ELISA. Examination of sera for the detection of 
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antibody for Fasciola hepatica in the sera was made by ELISA according to 
the SOP of VLA (SOP Reference: SE. 223). Both tests were performed by 
Laboratory Testing Department at VLA, Weybridge, UK, and we received 
the results. 
2.13. Post mortem examination and pathology scoring 
A total Of 153 (8o Holsteins and 73 zebus) skin test reactors were 
slaughtered for post mortem examination and pathology scoring. All the 73 
zebus and 50 of the 8o Holsteins were obtained from grazing herds that 
were kept under identical traditional cattle management while 30 of the 
Holsteins were obtained from an intensive herd, and hence were not used 
for comparison of severity of pathology between the two breeds to avoid the 
bias that could be caused by the intensive husbandry. 
The lungs and lymph nodes were removed for the investigation of gross 
pathological lesions. The seven lobes of the two lungs namely (i) the left 
apical, (ii) left cardiac, (iii) left diaphragmatic, (iv) right apical (v) right 
cardiac, (vi) right diaphragmatic, and (vii) right accessory were inspected 
externally and palpated. Then, each lobe was sectioned into about 2 cM- 
thick slices to facilitate the detection of lesions. Similarly, lymph nodes, 
namely: (i) the mandibular, (ii) medial retropharyngeal, (iii) cranial and 
caudal mediastinal, (iv) left and right bronchial, (v) hepatic and (vi) 
mesenteric lymph nodes were sliced into thin sections (circa 2 mm thick) 
and inspected for the presence of visible lesions. When gross lesions 
suggestive of bovine tuberculosis were found in any of the tissues 
examined, the animal was classified as lesioned. Animals in which lesions 
were not found were classified as non-lesioned. The severity of the gross 
lesions was scored by applying the semi-quantitative procedure developed 
by Vordermeier et al. (2002), with minor modifications to facilitate 
performance under field conditions (Ameni et al., 2oo6). Briefly, lesions in 
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the lobes of the lungs were scored separately as follows: o= no visible 
lesions; 1= no gross lesions but lesions apparent on slicing of the lobe; 2= 
<5 gross lesions; 3= >5 gross lesions; 4= gross coalescing lesions. The 
scores of the individual lobes were added up to calculate the lung score. 
Similarly, the severity of gross lesions in individual lymph nodes was scored 
as follows: o= no gross lesion; 1= small lesion at one focus Oust starting); 
2= small lesions at more than one focus; 3= extensive necrosis. Individual 
lymph node scores were added up to calculate the lymph node score. 
Finally, both lymph node and lung pathology scores were added up to 
determine the total pathology score per animal. 
2.14. Histopathological examination 
Samples from tuberculosis suspicious lesions were collected into glass 
universal bottles with lo% buffered formalin. Then they were trimmed, 
dehydrated in serials of alcohol, cleared by xylene, embedded in paraffin, 
and sectioned at 4 gm. The sections were de-paraffinized in the 6oOC 
incubator, cleared by xylene, and dehydrated by alcohol. Finally, the 
sections were stained with haematoxylin-eosin (HE). This was followed by 
the examination of microscopic tuberculous lesions. The presence of 
granulomas of varying sizes with caseous central necrosis, predominantly 
consisting of aggregated epitheloid cells, macrophages and giant cells in 
HE-stained sections was considered as microscopic tuberculous lesion. 
2.15. Isolation of mycobacteria 
Tissues from 145 cattle were further processed for isolation of mycobacteria 
in accordance with OIE (2004) protocols. Briefly, tissue specimens for 
culture were collected into sterile universal bottles in 5ml Of 0-9% saline 
solution, and then transported to the laboratory by maintaining a cold chain. 
76 
In the laboratory, the specimens were sectioned into pieces using sterile 
blades, and then homogenized by pestle and mortar. The homogenate was 
decontaminated by adding an equal volume Of 4% NaOH followed by 
centrifugation at 3ooo rpm for 15 minutes. The supernatant was discarded 
while the sediment was neutralized by 1% (o. 1N) HCl using phenol red as an 
indicator. Neutralization was achieved when the color of the solution 
changed from purple to yellow (WHO, 1998). Thereafter, o. 1ml of suspension 
from each sample was spread onto a slope of Lowenstein-Jensen (LJ) 
medium. Duplicates of LJ were used; one enriched with sodium pyruvate 
while the other was enriched with glycerol. Cultures were incubated 
aerobically at 371C for about 5-8 weeks with weekly observation for growth of 
colonies. 
2A6. Summary of the protocols and study animals 
Here is summary of the protocols and procedures followed for undertaking 
this study till the isolation of mycobacteria. The molecular techniques and 
protocols have been summarized in 2.17.8 section below. 
Epidemiology 10 
701 cattle from grazing 
5,924 from grazing farms tested by IFN-y 
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145 PM positive All 153 tested by IFN- 24 ELISPOT and 
for culture y test IL-10 assay 
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Molecular typing 
2-17- Molecular 
isolates 
characterization of mycobacterial 
Multiplex polymerase chain reaction (PCR) 
For multiplex PCR, the procedure described by Wilton and Cousins (1992) 
was followed. This multiplex PCR differentiates M. tuberculosis complex 
from M. avium, M. intracellularae and other mycobacterial species, and 
either heat-killed bacterial suspensions or extracted DNA was used. The 
PCR targets the sequence of the Genus Mycobacterium within the 16S 
rRNA gene (Gl, G2), sequences within the hyper-variable region of 16S 
rRNA that is known to be specific to M. intracellularae (MYCINT-F) and 
M. avium (MYCAV-R), and the MTB70 gene specific for M. tuberculosis 
complex (TB-1A, TB-1B). The primers used were MYCGEN-F, 5'AGA GTT 
TGA TCC TGG CTC GA 3'; (35ng/gl), MYCGEN-R, 5'-TGC ACA CAG GCC 
ACA AGG GA 3) (35ng/gl); MYCAV-R, 5'-ACC AGA AGA CAT GCG TCT TG 
3' (35ng/gl); WCINT-F, 5'-CCT TTA GGC GCA TGT CTT TA 3' (75ng/gl); 
TB1-F, 5'-GAA CAA TCC GGA GTT GAC AA 3' (2ong/gl); TB1-R, 5'-AGC 
ACG CTG TCA ATC ATG TA 3' (2ong/gl). The reaction was carried out 
using Thermal Cycler (Applied Biosystems, GeneAMP 9700). The mixture 
was heated for lo min at 95'C, further 35 cycles of 1 min at 95'C, 1 min at 
610C, and 1.5 min at 720C; and lo min at 720C. Each PCR tube consisted of 
5.2gl H20Qiagen, 8gl HotStarTaqMasterMix, 0.391 of each of the six 
primers (concentration given above), 5 gI of DNA templates of samples or 
controls making the total volume 20gl. M. avium, M. intracellularae, 
H37Rv and 2122/97 (M. bovis strain) were used as positive controls while 
H20Qiagen, was as a negative control. The product was electrophoresed in 
2% agarose gel in TAE running buffer 1oX. SYBR Safe at a ratio of mo in 
2% agarose gel, loobp DNA ladder, and orange 6x loading dye were used in 
gel electrophoresis. All members of the Genus Mycobacterium produce a 
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band Of 103obp, M. avium or subspecies such as M. avium subspecies 
paratuberculosis produces a band of 18obp, M. intracellularae a band of 
85obp while members of M. tuberculosis complex produce a band with 
372bp. 
2.17.2. RD4 deletion typing 
The RD4 deletion typing was applied to isolates that showed band for M. 
tuberculosis complex by multiplex PCR. The primers used were RD4intF, 
5'-ACA CGC TGG CGA AGT ATA GC-3'; RD4flankR, 5'-AAG GCG AAC AGA 
TTCAGC AT-3'; and RD4falnkF, 5'-CTC GTC GAA GGC CAC TAA AG-3'- 
The mixture was heated in Thermal Cycler (Applied Biosystems, GeneAMP 
9700) for 15 min at 95'C, and then subjected to 35 cycles of i min at 95'C, 1 
min at 550C, and 1 min at 720C; and lo min at 720C. Each PCR tube 
consisted Of 7gl H20Qiagen, 10gl HotStarTaqMasterMix, 0-391 of each of 
the six primers (concentration), 2gl of DNA templates of samples or 
controls making the total volume 2ogl. H37Rv and 2122/97 (M. bovis 
strain) were used as positive controls while H20Qiagen, was used a 
negative control. The product was electrophoresed in 1.5% agarose gel in 
TAE running buffer 1oX. SYBR Safe at a ratio of mo in 2% agarose gel, 
loobp DNA ladder, and orange 6x loading dye were used in gel 
electrophoresis. The gel was read using SYNGENE BIO IMAGING SYSTEM 
(A Division of Syoptics Group). The presence of RD4 (i. e. M. tuberculosis, 
M. afticanum) gives a product size Of 335bp (RD4 intF + RD4flankR) its 
absence (M. bovis) gives a product size Of 446bp (RD4flankF + 
RD4flankR). 
2.17-3. RD9 deletion typing 
The RD9 deletion typing was applied to isolates that showed the presence 
of RD4 by RD4 deletion typing. The primers used for RD9 deletion typing 
were RDgflankF, 5'-GTG TAG GTC AGC CCC ATC C-3'; RDqintR, 5'-CTG 
f"I AC 
GA CTC GAT GAC CAC TC-3'; and RDgfalnkR, 5'-GCC CAA CAG CTC 
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GAC ATC-3'. The reaction mixture heated in Thermal Cycler (Applied 
Biosystems, GeneAMP 9700) for 15 min at 95'C, and then subjected to 35 
cycles of 1 min at 95'C, 2 min at 55'C, and 1 min at 720C; and lo min at 
720C. Each PCR tube consisted Of 7gl H20 Qiagen, logl 
HotStarTaqMasterMix, 0.391 of each of the six primers (concentration), 2gl 
of DNA templates of samples or controls making the total volume 20gl. 
H37Rv and 2122/97 (M. bovis strain) were used as positive controls while 
H20 Qiagen, was used a negative control. The product was electrophoresed 
in 1.5% agarose gel in TAE running buffer 1oX. SYBR Safe at a ratio of 1: 1o 
in 2% agarose gel, loobp DNA ladder, and orange 6x loading dye were used 
in gel electrophoresis. The gel was read using SYNGENE BIO IMAGING 
SYSTEM (A Division of Syoptics Group). The presence of RD9 (i. e. M. 
tuberculosis) gives a product size Of 1.421kb (RDgflankF + RDqintR) while 
its absence (M. africanun, M. bovis) gives a product size Of 472bp 
(RDgflankF + RDgflankR). 
2.17-4. RDio deletion typing 
The RDio deletion typing was applied to isolates that showed the presence 
of RD4. The primers used for RDio deletion typing were RDloflankF, 5'- 
GTG TAG GTC AGC CCC ATC C-3'; RDlointR, 5'-CTG GAC CTC GAT GAC 
CAC TC-3'; and RDlofalnkR, 5'-GCC CAA CAG CTC GAC ATC-3'. The 
reaction was carried out using a Thermal Cycler (Applied Biosystems, 
GeneAMP 9700) for 15 min at 95'C; 35 cycles of 1 min at 95'C, 2 min at 
550C, and 1 min at 720C; and lo min at 720C. Each PCR reaction contained 
7gl H20Qiagen, logl HotStarTaqMasterMix, 0.391 of each of the three 
primers (1-59M final concentration), 2gl of DNA templates of samples or 
controls making the total volume 20gl. M. tuberculosis H37Rv and M. 
boViS 2122/97 were used as positive controls while H20Qiagen, was used a 
negative control. The product was electrophoresed in 1.5% agarose gel in 1x 
TAE running buffer. SYBR Safe at a ratio of 1: 10000, loobp DNA ladder, 
and orange 6x loading dye were used in gel electrophoresis. The gel was 
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visualized using SYNGENE BIO IMAGING SYSTEM (A Division of Syoptics 
Group). The presence of RDio (i. e. M. tuberculosis) gives a product size of 
3o8bp (+ RDint + RDloflankR) while its absence (M. afticanun, M. bovis) 
gives a product size Of 202bp (RDloflankF + RDloflankR). 
2.17.5. GenoTypeg Mycobaeterium CM 
GenoType@ Mycobacterium CM, Common Mycobacterium, (HAIN LIFE 
SCIENCE) was used for the characterization of the non-mycobacterium 
tuberculosis members. The test is based on the DNA STRIM technology. 
The PCR reaction consisted Of 3591 PNM, 1091 5x GC, 0.2gl phusion and 
591 of DNA template and the PCR condition was set at heating at 95'C for 5 
min, and lo cycles of de-naturation at 95'C for 30 sec and annealing at 58 
OC for 2 min. This followed by 20 cycles consisting of denaturation at 95'C 
for 25 sec, annealing at 53'C for 40 sec, and extension at 70'C for 40 sec. 
And finally one cycle of extension at 70 OC for 8 min. For running the test, 
the procedure described in the manual enclosed in the test kit (Hain 
lifescience GmbH, Hardwiesenstrape 1,72147 Nehren, Germany, 
www. lifescience. de) was followed. Briefly, TwinCubator@ (water bath), 
hybridization buffer (HYB), and stringent wash solution (STR) were pre- 
warmed at 45'C. A tray with 12 wells, provided with the kit was used for the 
test. Conjugate concentrate and conjugate diluents were mixed in a ratio of 
moo. Substrate concentrate and substrate diluents were also mixed in a 
similar concentration. Twenty micro liter of denaturation solution was 
added in the corner of the wells and thereafter 20RI of amplified sample 
was added to the wells and mixed and incubated at room temperature for 5 
min. One ml of pre-warmed hybridization buffer was added into the well 
and mixed until the solution became homogenous. Strips were placed in 
each well and the tray was placed in a shaking TwinCubator@ and 
incubated for 30 min at 45'C. Then, the hybridization buffer was aspirated 
and 1 ml of Stringent Wash Solution was added into each well and 
incubated for in shaking TwinCubator@ for 5 min at 45'C. The Stringent 
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Wash Solution was completely removed, and each well was washed with 1 
ml of Rinse Solution for 1 min in shaking TwinCubator@ at room 
temperature. One ml of diluted conjugate was added to each well and 
incubated for 30 min at room temperature in a shaking TwinCubator@. The 
solution was removed and each well was washed twice with 1 ml of Rinse 
Solution in a shaking TwinCubator@ for 1 min, and once in 1 ml of distilled 
water. Then, 1 ml of diluted substrate was added into each well and 
incubated at room temperature in dark condition for 10-15 min. Finally, the 
strips were removed using tweezers and placed between two layers of 
absorbent paper. The result was interpreted on the basis of the bands 
following the interpretation key supplied with the kit. 
2-17.6.16S rRNA sequencing 
Of the 15 mycobacterial species which could not be identified by the 
GenoType@ Mycobacterium CM/AS, lo were subjected to 16S rRNA 
sequencing. DNA sequencing was performed by The Sequencing Service 
(College of Life Sciences, University of Dundee, Scotland) using Applied 
Biosystems Big-Dye Ver 3.1 chemistry on an Applied Biosystems model 
373o automated capillary DNA sequencer. "). In addition, 5 GC-rich Gram 
positive bacteria were sequenced. RIDOM database for ribosomal 
differentiation ttp: JJrdna2. ridom. deZ) was used. Search for the 
homologous was made by BLAST at NCBI. 
2.17-7. Spoligotyping 
Spoligotyping was performed as previously described by Kamerbeek et al. (1997) 
with minor modifications. The direct repeat (DR) region was amplified by PCR 
using oligonucleotide primers derived from the DR sequence. A total volume of 25 
gl the following reaction mixture was used for the PCR: 12.5 gl of HotStarTaq 
Master Mix (Qiagen: this solution provides a final concentration of 1.5 mMMgC12 
and 200gM of each deoxnucleotides triphosphates), 2 gl of each primer (20 pmol 
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each), 5 gl suspension of heat-killed cells (approximately 10 to 50ng), and 3.5 gl 
distilled water. The mixture was heated for 15 min at 96'C and then subjected to 
30 cycles of I min at 96'C, I min at 550C, and 30 s at 72'C. The amplified product 
was hybridized to a set of 43 immobilized oligonucleotides, each corresponding to 
one of the unique spacer DNA sequences within the DR locus. After hybridization, 
the membrane was washed twice for 10 min in 2X SSPE (IX SSPE is 0.18 M 
NaCl, 10 mM NaH2PO4, and 1 mM EDTA[pH 7.7])-0.5% sodium dodecyl sulfate 
at 60'C and then incubated in 1: 4000-diluted streptavidin-peroxidase (Boehringer) 
for 45 to 60 min at 42'C. The membrane was washed twice for 10 min in 2X 
SSPE-0.5% sodium dodecyl sulfate at 42'C and rinsed with 2X SSPE for 5 min at 
room temperature. Hybridizing DNA was detected by the enhanced 
chemiluminescence method (Amersham) and by exposure to X-ray film 
(Hyperfilm ECL, Amersharn) as specified by the manufacturer. 
83 
2.17.8. Summary of the molecular techniques used 
As the protocols used were protracted and the procedures are also extensive, it is 
necessary to summarize the all protocols in a flow chart as follows: 
81 isolates 
40 isolates from 
grazing cattle 
Multiplex PCR 
M. tuberculosis 
comDlex 
RI)4ý RD9. and 
RD 10 typing 
voki-vinlo, v 
Genus positive. 
HAIN tvvinu, 
SI poligotý ping 
M. avium 
subspecies 
Species not 
identified 
Species 
identified 
16S rRN A sequencing 
41 isolles from 
indoor-housed 
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2.18. Data analysis 
Individual animal prevalence was defined as the number of positive 
reactors per loo animals tested. Logistic regression analysis was used to 
assess the association between prevalence and animal risk factors using 
STATA statistical software, (STATA Corporation, 4905 Lakeway Drive, 
College Station, Texas 77845 USA). The difference in prevalence between 
the different breeds and proportions were compared using the EP16. The 
difference between the effects of different risk factors on prevalence was 
analyzed using Pearson chi-square (X2) test. Odds ratios (OR) were 
calculated to assess strength of association of different factors to the 
prevalence of bovine TB. The Mann-Whitney test was used to compare 
pathology scores between cattle types. Student's t test was used to compare 
the mean optical density values of IFN-, y, the mean pathology scores, and 
the mean skin indurations post comparative intradermal tuberculin test. 
Linear correlation analysis, with a non-parametric test (Spearman's r two 
tailed with the GraphPad Stats function), was performed with Prism 4-0 
(GraphPad Software, San Diego, CA) for determination of the degree of 
association between the IFN-, y response level and the severity of pathology. 
The apparent prevalence was calculated from the test results. Cut-off 
values, sensitivities, specificities, predictive values and likelihood ratios 
were determined using Receiver Operating Characteristics (ROC) analysis. 
Kappa statistics were used to assess the level of agreement between the 
diagnostic tests. The true prevalence was calculated using the formula 
described by Rogan and Gladen (1978). 
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Chapter 3 
Epidemiology of bovine tuberculosis in smallholder 
farms raising mixed breeds in central Ethiopia 
3.1- Summary 
The apparent prevalence of bovine TB was determined in 5,424 (2,578 Zebu, 1,921 
crosses, and 925 Holstein) cattle using the comparative intradermal tuberculin 
(CIDT) test. Based on the OIE recommended difference of reactions to bovine and 
avian PPD (PPDB-PPDA) cut-Off >4mm, the apparent prevalence was 13.5%. To 
further define the cut-off the CIDT test in the Ethiopian context, receiver 
operating characteristic (ROC) analysis was performed on 161 Zebus, and 186 
mixed population of Zebus and Holsteins. Detailed post mortem examination for 
the presence of TB lesions was used to define the disease status. Sensitivities and 
specificities to detect lesioned animals by CIDT test were optimal at cut-off points 
ranging from >2MM to >4mm in Zebu. Interestingly, at a CUt-Off >2MM, the CIDT 
test sensitivity was 69% (95% CI= 58.5%, 79%) while it was 59% (95%CI= 
49%, 69%) at a cut-Off >4mm. The specificity of CIDT test at the two cut-off points 
was identical at 97% (95%CI=8q%, 1oo%). Based on the output of this ROC 
analysis, the apparent prevalence was re-determined using the CUt-Off >2MM, and 
was found to be 16. o%. Furthermore, the true prevalence at the cut-Off >4mm was 
18.5% while it was 19.6% at the CUt-off >2MM. Although there was a significant 
Q 2= 13-56; No. ooi) difference in apparent prevalence at the two cut-off points, 
there was no significant Q2 =2.15; P=0.14) difference between the true prevalence 
at the two cut-off points. On the other hand, the apparent prevalence was 
significantly higher in Holstein than in Zebu both at > the 4mm (22.2% VS. 11.6%, 
X2 =61.8; P<o. ooi) and >2MM CUt-Offs (24.9% vs. 13.9%, X2 =65.5; P<0.001). 
Thus, the recommendation of this study is, therefore, to apply the > 2MM cut-off in 
the context of Ethiopia. 
Key words/phrases: ROC analysis, CIDT test, bovine TB, cut-off value, Breed, 
Riskfactor, Prevalence 
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3.2. Introduction 
In most African countries, bovine TB in cattle remains largely 
uninvestigated problem (Cosivi et al., 1998). In general, the epidemiology 
and public health significance of bovine TB in Africa remain largely 
unknown. Many of the factors which account for this are politico-economic 
including the high cost of testing, social unrest and ethnic war, 
displacement of large number of humans and animal populations, lack of 
veterinary expertise and communication networks as well as insufficient 
collaboration between bordering countries (Ayele et al., 2004). Moreover, 
scarce human and financial resources are absorbed by action against the 
incidence of other acute and fatal diseases such as contagious bovine 
pleuropneumonia, foot and mouth disease, African and classical swine 
fever and parasitic diseases (Ayele et al., 2004)- 
In Ethiopia, although the endemic nature of bovine TB has been known 
since 1967, little information is available both on its epidemiology and 
public health significance. It is estimated that 82% of the milk is supplied 
un-pasteurized by intra- and peri-urban producers to consumers, while 
only 18% is supplied by the dairy enterprises in pasteurized form. The 
central highlands, mainly Selalle and Holeta (Figure 2.1, Chapter 2) are the 
major dairying areas and as a result they are the main sources of milk for 
Addis Ababa, Ethiopia's capital and main urban population centre, where 8 
% of its inhabitants live. Furthermore, farmers in Selalle and Holeta are 
conscious of the milk market and produce milk for selling unlike the 
majority of Ethiopian farmers who produce milk for home use. In Selalle 
and Holeta, farmers keep high yielding crossbred (zebu x Holstein) and 
Holstein dairy cattle mainly for milk production alongside native zebu 
breeds. It is of paramount importance to assess the difference in 
susceptibility to bovine TB and other mycobacterial diseases among the 
native zebu and the exotic Holsteins or their crosses with zebu 
kept under 
identical cattle husbandry system. 
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Thus, one of the objectives of this Chapter was to compare the prevalence of 
bovine TB among zebu, Holsteins, and the crosses of zebu and Holsteins 
that were kept by farmers on pasture homogeneously by traditional farmers 
in central Ethiopia. 
Tuberculin skin test has remained the primary diagnostic test for TB in 
both humans and cattle. The CIDT test is used for the diagnosis of TB in 
live animal and involves the intradermal injection of tuberculins, purified 
protein derivatives (PPD's) from M. bovis and M. avium, and the 
subsequent detection of swelling and indurations at the injection site 72 h 
after. M. bovis PPD is injected into one site and M. avium PPD is injected 
into the second site to control for exposure to environmental mycobacteria. 
The relative change in skin thickness at the two sites is used to differentiate 
M. bovis infection from infection with non-tuberculous mycobacteria. 
According to the OIE (2004) recommendation, the optimal cut-off point for 
CIDT test is change in skin thickness > 4mm i. e. the difference between 
increase in skin thickness following the intradermal administration of 
bovine PPD (B) and increase in skin thickness following the intradermal 
administration of avian PPD (A), B-A, should be > 4mm for the animal to 
be considered positive for bovine TB. Presently, this cut-off point is 
universally applied for the diagnosis of bovine TB worldwide. However, this 
cut-off point needs also to be evaluated under Ethiopian condition as cut- 
off points for tuberculin skin test could be affected by environmental 
factors, prevalence of TB, host factor, (status of immunity, genetics etc), 
and the nature of the tuberculin used (Berkel et al., 2005). 
The other objective of this Chapter was to re-assess the cut-off point of 
CIDT test in Bos indicus (Ethiopian Arsi breed), and also in mixed 
population of Holsteins and Zebu grazing together using the ROC analysis. 
Disease status was assessed by detailed post mortem examination. The 
newly defined cut-off was then used alongside the OIE recommended cut- 
off value to determine the prevalence of bovine TB in 5,424 cattle. 
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3.3. Results 
3.3-1. Apparent prevalence of bovine TB at cut-off point > 4mm 
(OIE standard) 
The apparent prevalence was 13-5% (732/5,424) at a cut-off point > 4mm, 
which is the interpretation recommended by OIE. The apparent prevalence 
was significantly higher in Holstein than either in zebus i. e. Arsi breed 
(2 2.2 % VS. 11.6 %, X2=61.8; P<o. ooi) or in zebu-Holstein crosses (22.2% VS. 
11.9%, X2 =50.7; P <o. ooi, Table 3-1). Furthermore, the apparent 
prevalence was affected by age (P<o. ool) and body condition (P<o. ool). In 
contrast, the difference in apparent prevalence between zebu and crosses 
was not statistically significant(X2 =0.11; P=0-74)- 
Table 3.1. Association of risk factors to the prevalence of bovine TB in the 
central of Ethiopia at a cut-Off > 4mm. 
Chi-square (X2) test was used for the determination of statistical significance. P< 
0.05 was considered as statistically significant. 
Factor Number Number X2test P-value 
examined Positive 
Sex 
Male 22289 316(13.8) 0.33 0.57 
Female 32135 416(13.3) 
Breed 
Zebu 2,578 298(11.6) 71.87 <0.001 
Cross 1,921 229(11.9) 
Holstein 925 205(22.2) 
Age (year) 
<2] 892 73(8.2) 51-18 <0.001 
(2-51 1,868 237(12.7) 
(5-91 1,792 317(17.7) 
>9) 872 105(12.0) 
Body condition 
Lean (thin) 1,373 152(17.1) 50-58 <0.001 
Medium (meat) 3,802 511(13-4) 
Fat 249 69(27-7) 
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asu Its of logistic regression analysis are presented in Table 3.2. 
Multivariable logistic regression analysis confirmed that Holsteins were 
more than twice (OR=2.32; CI=1.89,2.85) as likely to present as tuberculin 
positive than Arsi (i. e. infected with pathogenic mycobacteria). Similarly, 
animals within the aged between 5 and 9 years were at higher risk of 
infection (OR=2.37; CI=1.80,3.12) with TB compared to those with aged of 
2 years or below. 
Table 3.2. Association of risk factors to the prevalence of bovine TB using 
multivariable analysis in the central Ethiopia. 
Both crude and adjusted odds ratios were used to assess the level of association of 
prevalence to the different host factors. 
Factor Number 
examined 
Number M 
Positive 
Crude odds ratio 
(95% CD 
Adjusted 
odds ratio 
(95% CI) 
Sex 
Male 2,289 316(13.8) 1 1 
Female 3,135 416(13.3) o. 96(o. 82,1.12) 0.94(0.79,1-11) 
Breed 
Zebu 2,578 298(11.6) 1 1 
Cross 1,921 229(11.9) 1.04(0.86,1.26) 1.14 (0-94,1.38) 
Holstein 925 205(22.2) 2.18(1.88,2.65) 2.32 (1.89,2.85) 
Age (year) 
<2] 892 73(8.2) 1 1 
(2-51 1,868 237(12.7) 1.63(l. 24,2.15) 1.63(l. 23,2.16) 
(5-91 1,792 317(17.7) 2.41(l. 84,3.15) 2.37(l. 8o, 3.12) 
>9) 872 105(12.0) 1.54(l. 12,2.10) 1.51(l. 09,2.09) 
Body condition 
Lean (thin) 1,373 152(17.1) 1 1 
Medium (meat) 3,802 511(13.4) 1.25(l. 03,1.51) 1.13(0.93,1.39) 
Fat 249 69(27-7) 3. o8(2.23,4.26) 2.53 (1.8o, 3.57) 
3.3.2. Receiver operating characteristics (ROC) analysis for the 
comparative intradermal tuberculin (CIDT) test in Zebu 
To re-evaluate the CIDT test cut-off point in a local Ethiopian context, ROC 
analysis was performed using data from 161 Arsi Zebu. These animals were 
slaughtered and detailed post mortem analysis performed to define the 
disease status. The ROC curve of CIDT test as applied Zebu cattle is 
90 
depicted in Figure 3.1. Sensitivity and specificity were recorded for cut-off 
values ranging from >2MM to >4mm (see Table 3-3). At a cut-off value of > 
2MM the sensitivity was 69% (95%CI=58-5%, 79%) while the specificity was 
97% (95%CI=89%, loo%). On the other hand, at > 4mm cut-off value, the 
sensitivity was 59% (95% CI=49%, 69%) while specificity was still the same. 
The difference in sensitivities of CIDT at a cut-off value > 2mm and a cut- 
Off > 4mm was marginally significant 
(X2 
ý. ' =345; 
P=0.05) while no difference 
was observed between the specificities at the two cut-off points. The area 
under the ROC curve (AUC, Figure 3-1) was o. 87 (95%CI=o. 82,0. q2). Thus, 
a cut-off of >2MM could be applied without loss of specificity compared 
with the OIE recommended >4mm cut-off. Reducing the cut-off further 
resulted in rapid loss of specificity (Table 
3-3). 
I 
0.9 
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0.7 
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0.2 
0.1 
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False positive rate (I-Specificity) 
Figure 3.1. Receiver operating characteristics (ROC) curve of the 
CIDT test in Zebu 
cattle (Ethiopian Arsi breed). 
The ROC plot passes through the upper left corner and the area under 
the ROC 
curve is o. 87. 
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Table 3.3. Sensitivities, specificities, and cut-off points of the CIDT test in 
zebu cattle in central Ethiopia. 
Cut-off values ranging between from greater than 2mm and 4mm gave optimal 
sensitivities and specificities. 
Cut-off Value Sensitivity 95%CI Specificity 95%CI 
-10.0 1.000 o. 962,1.000 0.015 0.000,0.083 
-2.0 1.000 o. 962,1.000 0.031 0.004,0.107 
-1.0 0.990 0.943,1.000 0.123 0.055,0.228 
0.0 o. 802 0.7o8, o. 876 o. 8oo o. 682,0.889 
0.5 o. 802 0.7o8,0.876 0.815 0.700,0.901 
1.0 0.781 o. 685,0.859 0.938 o. 850,0.983 
1.5 0.76o o. 663,0.842 0.938 o. 850,0.983 
2.0 o. 688 0585, o. 778 o. 969 o. 893, o. 996 
3.0 o. 646 0.542,0.741 o. 969 o. 893, o. 996 
3.5 o. 604 0.499,0.703 o. 969 o. 893, o. 996 
4.0 0-594 0.489, o. 693 o. 969 o. 893, o. 996 
4.5 0.552 0.447,0.654 o. 969 o. 893,0.996 
5-0 0.469 0.366, o. 573 o. 985 0.917,1-000 
6. o 0.427 0.327,0.532 0.985 0.917,1.000 
6.5 0-396 0.297,0.501 o. 985 0.917,1.000 
7.0 0.354 0.259,0.458 o. 985 0.917,1.000 
7.5 0.333 0.240,0.437 o. 985 0.917,1.000 
8. o 0.292 0.203,0.393 o. 985 0.917,1.000 
8.5 0.271 o. 185,0.371 o. 985 0.917,1.000 
9.0 0.250 o. 167,0.349 o. 985 0.917,1.000 
9.5 0.229 0.150,0.326 o. 985 0.917,1.000 
10.0 0.135 0.074,0.220 0.985 0.917,1.000 
10.5 0.125 o. o66, o. 2o8 o. 985 0.917,1.000 
11.0 0.104 0.051,0.183 o. 985 0.917,1.000 
11.5 o. o83 0.037,0.158 o. 985 0-917,1.000 
12.0 o. o63 0.023,0.131 0.985 0.917,1.000 
13.5 0.042 0.011,0.103 o. 985 0.917,1.000 
14.0 0.021 0.003,0.073 0.985 0.917,1.000 
20.0 0.000 0.000,0.038 o. 985 0.917,1-000 
22.0 0.000 0.000,0.038 1.000 0.945,1.000 
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3.3-3. ROC curve of the comparative intradermal tuberculin test 
(CIDT) for Arsi and Holstein breeds grazing together under field 
husbandry 
It would have been of interest to perform a similar ROC analysis for 
Holstein cows held in central Ethiopia. However, this was not possible 
because Holstein cattle, due to their huge economic value, are rarely being 
sold and therefore were unavailable for post mortem analysis in sufficient 
numbers. Therefore, data were only available for CIDT test positive 
Holstein cattle but not from skin test negatives. Thus, a separate ROC 
analysis for Holstein cattle was not possible. Therefore, we combined the 
data from these Holstein cows with the results from the Arsi Zebu cattle in 
an additional ROC analysis to determine if this would change the result 
significantly i. e. suggest that a different cut-off should be applied to for 
Holsteins and Zebus. The results in Figure 3.2 suggested that this was not 
the case, as the curve did not change noticably, curve for both sets of 
analyses as was also demonstrated by the nearly identical areas under the 
curve for both sets of analyses: o. 89 (95%CI=o. 85,0-94) compared to o-87 
(95%CI=o. 82,0.92) for Arsi cattle alone. 
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Figure 3.2. Receiver operating characteristics (ROC) curve the CIDT test in a mixed 
population of Arsi and Holstein kept together in grazing. 
The ROC plot passes through the upper left corner, and the area under the ROC 
curve is o. 89. 
3.3.4 Apparent prevalence of bovine TB at a CUt-Off > 2RIM 
Based on the ROC analysis discussed in the previous paragraph, the 
apparent prevalence estimates were re-appraised using the CUt-Off > 2MM: 
The apparent prevalence was 16. o% (868/5,424). The difference in 
apparent prevalence at a CUt-off 2mm and at a cut-Off >4mm was 
statistically significant (16. o% vs. 13.5%, X2= 13-56; P<o. ooi; n=5,424). 
Similar to the cut-off > 4mm, the apparent prevalence was higher in 
Holstein than either in zebus (24.9% vs. 13.9%, X2 =65.5; P<0-001) or in 
zebu-Holstein crosses(2 4.9 % vs - 14.6 %, 
X2 =50.7; P <o. ool, Table 3-4). 
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Table 3.4. Association of host risk factors and the prevalence of bovine TB in 
grazing cattle at a CUt-Off > 2MM. 
Chi-square (X2) test was used for the determination of statistical significance. P< 
0.05 was considered as statistically significant. 
Factor Number Number M X2 -test P-value 
examined Positive 
Sex 
Male 2y289 373(16.3) 0.30 o. 6o 
Female 3,135 495(15-9) 
Breed 
Zebu 2,578 358(13.9) 65-50 <0.001 
Cross 1,921 280(14.6) 
Holstein 925 230(24-9) 
Age (year) 
<2] 892 96(lo. 8) 45-05 <0.001 
(2-51 1,868 289(15.5) 
(5-91 1,792 362(20.2) 
>9) 872 121(13.9) 
Body condition 
Lean (thin) 1,373 175(12-7) 48-49 <0.001 
Medium (meat) 3,802 618(16.3) 
Fat 249 75(30-0) 
Results of multiple logistic regression analysis are shown in Table 3.5. 
Similar to the results at a cut-Off > 4mm (Table 3.2), multivariable logistic 
regression analysis showed that Holsteins were more than twice (OR=2.15; 
CI=1.8o, 3.50) as likely to present as CIDT test positive. 
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Table 3.5. Association of risk factors to the apparent prevalence of bovine TB 
at cut-off > 2mm using multivariable analysis. 
Both crude and adjusted odds ratios were used to assess the level of association of 
prevalence to the different host factors. 
Factor Number Number Crude odds ratio Adjusted 
examined Positive (95% CO odds ratio 
(95% CD 
Sex 
Male 
Female 
Breed 
Zebu 
Cross 
Holstein 
Age (year) 
<2] 
(2-51 
(5-91 
>9) 
Body condition 
Lean (thin) 
Medium (meat) 
Fat 
2,289 373(16.3) 1 
3,135 495(15.9) o. 96(o. 83,1.12) 
2,578 358(13.9) 1 
1,921 280(14.6) i. o6(o. 89,1.25) 
925 230(24-9) 2.18(1.88,2.65) 
892 96(lo. 8) 1 
1,868 289(15-5) 1.52(1-19,1-94) 
1,792 362(20.2) 2.1(1.65,2.67) 
872 121(13.9) 1.34(1.00,1.78) 
1,373 175(12.7) 1 
3,802 618(16.3) 1.33(1.11,1.59) 
249 75(30-0) 2.97(2.17,4.10) 
1 
0-94(o. 82,1.12) 
1 
1.14 (o. 96,1.40) 
2.15 (i. 8o, 3.50) 
1 
1.5(1.16,1.92) 
2.04(i. 6o, 2.6o) 
1-31(0.98,1.8o) 
1 
1.23(l. 02,1.50) 
2.50 (1.8o, 3.50) 
3.3-5. True prevalence of bovine TB at >2mm and >4mm cut-Off 
points 
Although useful as consistent index and routinely used to measure disease 
frequencies, apparent prevalence may underestimate the true prevalence of 
a disease because the test used to determine apparent prevalence does not 
capture all infected animals (Rogan and Gladen, 1978). In the present 
study, the CIDT test was used as a screening test, and ROC analysis was 
performed for CIDT test to determine its sensitivities and specificities. The 
true prevalence of bovine TB cases with gross pathology was calculated 
using the Formula described by Rogan and Gladen (1978): TP=AP+SP- 
1/SE+SP-1; where TP=true prevalence, AP=apparent prevalence, 
SE=sensitivity, SP=specificity. 
Using the sensitivities and specificities calculated by the ROC analysis, we 
were therefore able to calculate the true prevalence of lesioned bovine TB in 
one study population (Table 3.6). Accordingly, the true prevalence at a cut- 
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Off >4mm was 18.5% while it was 19.6% at a cut-off >2mm. Although there 
was a significant (X2= 13-56; P<o. ooi) difference in apparent prevalence at 
the two cut-off points, there was no significant(X2 =2.15; P=0.14) difference 
between the true prevalence at the two cut-off points. 
Table 3.6. Comparison of apparent and true prevalence of bovine TB in 
central Ethiopia at cut-Off > 4mm and > 2MM. 
Sensitivities, specificities and apparent prevalence were used to determine the true 
Cut- Sensitivit Specificity No No + Apparent Difference True Difference 
off y 95% CI tested Prevalence Apparent Prevalence True 
point 95% CI Prevalence Prevalence 
>2MM 68.8% 96.9% 5,424 868 16. o% X2 =13-56; 19.6% X2 =2_15 
(58-5,77.8) (89-3,99-9) P<0.001 P=0.14 
>4mm 59.4% 96.9% 5,424 732 13-5% 18.5% 
(48.9,69-3) (89.3,99-9) 
prevalence according to the Formula described by Rogan and Gladen (1978) 
3.3.6. Use of different cut-off points for Holsteins and Zebus 
Although our data provides us with evidence for higher skin test responsiveness in 
Holsteins, to rule out the occurrence of a potential artifact by applying a lower cut- 
off value in Holsteins, further analysis was made to compare the CIDT test 
positivity between Holstein and Arsi (Zebu) at different cut-off points. In this case, 
a >4mm cut-off value was used for the Holsteins while a >2mm was used for Arsi 
breed. The result, however, still showed a significantly higher (X2 =33.95; P<0.001, 
Table 3.7) CIDT test positivity in Holsteins than in Arsi, thus confirming our 
previous observation. 
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Table 3.7. The CIDT test results of Holstein and Arsi breeds at different cut-off 
points. 
For Holsteins cut-Off >4mm was used while a cut-off >2mm was used for Arsi 
breed. 
Breed Number Number Chi- P value Odds Ratio Relative risk 
examine positive test X2 (95% (95% CI) 
d Confidence 
interval 
Holstein 925 205 33-95 P<0.001 1.77(l. 46,2.12) 1.49(1.31,1.69) 
(>4mm) 2578 358 
Arsi (>2MM) 3503 563 
Total 
3.3-7. Relationship between skin reactions to bovine and avian 
PPD 
To assess skin test responses individually to avian or bovine PPD, skin 
indurations of greater than 4mm after avian PPD injection was considered 
as positive and the same criteria was applied to bovine PPD. A strong 
association (Pearson X2= 1300; P<o. ool) was recorded between skin 
reactions to avian PPD and skin reaction to bovine PPD. As indicated in 
Table 3.8,4.8% of the study animals responded positively (>4mm) to both 
avian and bovine PPD's. On the other hand, 8.7% of them reacted only to 
bovine PPD (>4mm) while 1.3% reacted only to avian PPD (>4mm). 
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Table 3.8. Responses to PPD-A and PPD-Ba. 
PPD-B Total no. (%) 
Positive Negative 
(reaction size > (reaction size. < 
4 mm 4 mm) 
Positive 25848%) 68(l. 3%) 326(6.1%) 
(reaction 
PPD-A size >4 
mm) 
Negative 474 (8.7%) 4,624 (85.3%) 5, o98(93.9%) 
(reaction 
size <4 
mm) 
Total 732(13.5%) 4,692 (86.5%) 5424 (100%) 
apositive and negative reactions were defined as skin indurations Of >4 mm 
and: 54 mm, respectively. PearsonX2= 1300; P<0-001 
3.4. Discussion 
Our data showed that sensitivities and specificities of CIDT test were 
optimal at cut-off values ranging from >2MM to >4mm in Zebu cattle in 
central Ethiopia. The diagnostic accuracy of a test is primarily defined in 
terms of its sensitivity and specificity. Sensitivity is the proportion of 
infected animals detected as positive by the diagnostic assay while 
specificity is the proportion of uninfected animals that are correctly 
identified as negative by diagnostic test (Martin et al., 1987). The ideal 
screening test would have loo% sensitivity and loo% specificity, though no 
biological test of any disease is perfect. There is an inverse relationship 
between test sensitivity and specificity of a test (Martin et al., 1987). These 
two parameters are frequently assumed to be constant across different 
populations as long as the test procedure and cut-off point for a positive 
test result remain the same from one group of animals to another (de la 
Rua-Domenech et al., 2oo6). However, for TB diagnostics this is seldom as 
test results are influenced by the stage and severity of the disease, the 
prevalence of cross-reacting organisms and host factors (Snider, 1982; 
Norbey et al., 2004). This was the reason why we were initiated to re- 
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evaluate the OIE recommended cut-Off (>4mm) under Ethiopian context 
using a ROC analysis. 
ROC analysis is used for visualizing, organizing and selecting classifiers 
based on their performance (Egan, 1975; Swets et al., 2000; Fawecett, 
2oo6) and has been extended for use in visualizing and analyzing the 
behaviour of diagnostic systems (Swets, 1998). Our result showed that the 
ROC plots for CIDT test are high up on the left corner, indicating good 
performance of CIDT test in both Zebu breed, and mixed population of 
Zebu and Holstein. The area under the curve, AUC, was o. 87 in Zebu while 
it was o. 89 in the mixed population of Zebu and Holstein, demonstrating 
moderate discriminatory power of the CIDT test. An AUC is widely 
recognized as a measure of diagnostic test's discriminatory power (Faraggi 
and Reiser, 2002). Thus, the closer the ROC plot is to the upper left corner, 
the larger the AUC, and the higher the overall accuracy of the test (Griner et 
al., 1981; Metz, 1987; Zweig and Campbell, 1993). The maximum value for 
the AUC is i. o, thereby indicating a theoretically perfect test; but it is a rare 
for a diagnostic test to be perfect (Fan et al., 2oo6). 
Interestingly, the maximum sensitivity of the CIDT test can be realized at a 
CUt-Off >2MM without affecting its specificity. The sensitivity estimates of 
the tuberculin test were summarized by de la Rua-Domenech et al. (2oo6), 
and the estimates ranged from 63.2% to loo% with a median sensitivity of 
83-9% for the single intradermal tuberculin test and from 52.0% to 100% 
with median value of 8o. o% for the CIDT test. The sensitivity recorded by 
the present study is therefore relatively lower as compared to the median 
sensitivity (8o. o%) of the sensitivities of the CIDT test reported by other 
authors, but well within the range of the recorded values. 
There are different reasons that could cause false negatives resulting in 
lower sensitivity of the CIDT test. For instance, newly infected animals may 
not react to the CIDT test, and reaction develops between 3 and 6 weeks 
post infection for most animals (Francis, 1958; Kleenberg, 196o). State of 
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anergy has been reported in animals with advanced or generalized TB, or in 
animals subjected to stress (Lepper et al., 1977; Pollock and Neill, 2002) 
such as calving within the preceding four to six weeks (Monaghan et al., 
1994). In addition, administration of glucocorticoids can also lead to lower 
indurations of tuberculin reaction in infected animals (Doherty et al., 1995) 
while co-infection with M. bovis and viruses such as bovine viral diarrhea 
virus could transiently compromise the reaction to tuberculin (Charleston 
et al., 2001). Furthermore, reduced tuberculin reaction can occur if the 
infected animal is malnourished (Monaghan et al., 1994). The phenomenon 
of desensitization, which describes the depressed skin reactivity to the 
second tuberculin injection for some time in naturally and experimentally 
infected cattle after the fist tuberculin injection can also reduce the 
sensitivity of tuberculin test (Kerr et al., 1946; Radunz and Lepper, 1985; 
Hoyle, 19go; Monaghan et al., 1994). Furthermore, prior tuberculin test 
exposure to mycobacteria of M. avium complex andlor M. intracellularae 
complex lower sensitivity, as the reaction to avian tuberculin could be high 
and thus interferes with the interpretation of the result (Hope et al., 2005). 
In our study, we found antibodies of paratuberculosis in 4% (n=263) 
(Chapter 6) using CSL Paracheck ELISA (OIE, 2000) in randomly selected 
sera, which were obtained from a population used as sources of our 
sampled cattle for the ROC analysis. In addition, we found 8o% (n=263) 
(Chapter 6) sero-prevalence of Fasciola hepatica in the same group of 
animals by enzyme-linked immunosorbent assay at Veterinary Laboratories 
Agency (VLA, SOP: 223). Therefore, the relatively lower sensitivity 
recorded by our ROC analysis could, above all, be attributed to co- 
infections with Fasciola hepatica and or M. avium subsp. 
paratuberculosis, which could interfere and compromise the response to 
tuberculin. 
Operator errors including failure to lodge the tuberculin into the dermis, 
injection of insufficient doses of tuberculins, failure to read the skin 
indurations on time could further lead to false negative results thereby 
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reducing the sensitivity of the CIDT test (Lepper et al., 1977; Monaghan et 
al., 1994). 
The specificity of the CIDT test found by the present study is within the 
range of the specificities reported by other authors, and summarized by de 
la Rua-Domenech et al. (2oo6). Accordingly, the specificity of the single 
intradermal tuberculin ranged from 75.5% to 99. o%, the median specificity 
being 96.8% while the specificity of the CIDT test lay between 78.8% and 
loo% with a median specificity Of 99.5%. Non-specific reactions to skin 
tests in cattle have been described after exposure to various species of 
mycobacteria that share proteins with bovine PPD. Reactivity to bovine 
tuberculin is usually greatest in cattle infected with a member of M. 
tuberculosis complex, and in CIDT test, animals infected with mycobacteria 
other than M. tuberculosis complex generally develop reactions to avian 
tuberculin (Pearson et al., 1977; Ketterer et al., 1981; Cooney et al., 1997; 
Kohler et al., 2001; Hope et al., 2005). 
AA pparent prevalence is calculated as the number of test positive animals 
divided by the total number of animals tested (Martin et al., 1987). Thus, 
we found a significant difference between apparent prevalences estimated 
with the two cut-off points. Although useful as consistent index and 
routinely used to measure disease frequencies, apparent prevalence may 
underestimate the true prevalence of disease because the test used to 
determine apparent prevalence does not capture all infected animals 
(Rogan and Gladen, 1978). To determine the true prevalence of a disease in 
a population, it is necessary to know apparent prevalence (as detected by 
some screening test) as well as sensitivity and specificity of that test (Rogan 
and Gladen, 1978). Comparison of the true prevalence at the two cut-off 
points showed no significant difference in true prevalence at the two cut-off 
points. On the other hand, at both cut-off points, the apparent prevalence 
of was significantly higher in Holsteins than in either in crosses or in zebus 
kept under identical husbandry conditions. This difference in breed 
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susceptibility was also highlighted by increased disease severity in 
Holsteins (Chapter 3). 
Previously, a similar apparent prevalence (14.2%, n=416) (Ameni et al., 
2001) was reported in Wolaita Soddo, southern Ethiopia, where cattle 
farming is similar to that of the central highlands of Ethiopia. In both 
locations farmers keep cross-bred and Holsteins in addition to zebus for 
milk production. Large numbers of cattle were enrolled into the present 
study and the area coverage was also larger compared to previous studies. 
Thus, the result of this study represents a more accurate picture of the 
disease in parts of the country where farmers keep three different breeds 
(zebu, zebu x Holstein, and Holstein) in field (semi-extensive) management 
conditions. However, a lower prevalence 41%; n=46o) was reported in 
zebu cattle under traditional management in the Boji district of western 
Ethiopia (Laval and Ameni, 2004). In contrast, a significantly higher skin 
test prevalence (46.8%; n=1,171) was reported in 12 intensive dairy farms, 
which keep crossbreed and Holstein cattle (Ameni et al., 2003). Thus, as 
also indicated by previous studies (Ameni et al., 2oo6), the prevalence of 
bovine TB is predominantly affected by cattle management and, to a lower 
degree, by cattle breed. 
The result of the present study showed that the prevalence of bovine TB 
was significantly higher in Holsteins than in either in crosses or in zebus 
kept under identical husbandry conditions, regardless if >4mm or >2MM 
was employed. Furthermore, although the distribution of the pathology in 
reactors of the two breeds was comparable, the severity of pathology was 
significantly higher in Holstein than in Arsi zebus (Chapter 3). Historical 
reports also indicated that Bos taurus (the group to which Holsteins 
belong) are more susceptible to bovine TB as compared to Bos indicus, i. e. 
zebu cattle (Carmichael, 1940), although few contemporary data, 
particularly in Africa, and comparing Holstein cattle with native breeds, are 
available. Our study is therefore substantiating and extending these earlier 
findings. Experimental studies also support the notion of susceptibility 
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differentials between Bos taurus and Bos indicus breeds: experimental M. 
bovis infection of taurine and zebus calves with 50 mg of a bovine strain of 
tubercle bacillus of standard virulence indicated marked resistance in zebu 
calves while calves of Ankole (taurine cattle of African origin) and 
European breeds were found to be susceptible (Carmichael, 1940). Thus, in 
general, increased resistance to bovine TB has been attributed to zebu 
breeds and the significance of different breed susceptibility in cattle in 
developed countries, which are almost exclusively of Bos. taurus 
background, has been discounted (Orme, 1987). A gene, Nrampi has been 
shown to correlate with resistance to Brucella abortus and M. bovis BCG in 
cattle (Qureshi et al., 1996). In mice, Nrampi, protein plays an important 
role in resistance (Frehel et al., 2002). This protein is a divalent cation 
transporter and has affinity for both iron and manganese (Hardie and 
Watson, 1992). However, Nrampi polymorphisms associated with 
resistance in mice, failed to protect cattle against TB (Barthel et al., 2002). 
In humans, some evidence predicts a role of Nramp, in resistance (Kim et 
al., 2002). However, to reach a conclusion, more extensive studies are 
needed to define such resistance genes, which could help to support 
targeted breeding strategies for developing more resistant cattle breeds 
(Mcllroy et al., 1986; Malo et al., 1994; Templeton and Adams, 1995). Other 
factors such as nutrition also influence susceptibility of cattle to bovine TB. 
In a case control study, Griffin et al. (1993) found association between 
recurrent herd outbreaks bovine TB and the presence of rough grazing, 
which suggested that nutritional deficiencies lead to reduced resistance to 
bovine TB. Doherty et al. (1995) demonstrated significantly fewer numbers 
of lymphocyte subpopulations in nutritionally deficient cattle. 
Susceptibility to M. bovis infection may also be enhanced in cattle 
persistently infected with immunosuppressive viruses such as bovine viral 
diarrhea virus or bovine immunodeficiency virus (Menzies and Neill, 
2000). Similarly, responses to tuberculin skin test depend on the 
capabilities of cellular immune response, which in turn is affected by the 
level of nutrition in terms protein-energy and micronutrients (Pollock and 
Neill, 2002). Thus animals with good physical condition respond to 
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tuberculin skin test better than those with poor physical condition as was 
also observed in this study. 
The proportion of reactors increased with age reaching maximum level of 
reaction in animals with age range between 5&9 years and then declined. 
Similarly, studies in Canada and Northern Ireland indicated increased 
incidence of bovine TB with increased age (Munroe et al., 2000). The 
reason could be, as suggested earlier by Mackay and Hein (Mackay and 
Hein, 1989), the possible influence of y8 T cells, which are predominantly 
found in the circulation of young calves. Previous studies have shown the 
role of y8 T cells in antimycobacterial immunity (Stamp, 1948). It has been 
suggested that increased incidence of TB in older animals can be explained 
by a waning of protective capability in aging animals as experimentally 
confirmed in the murine system (O'Reilly and Daborn, 1995). Furthermore, 
it could be due to the increase in the probability to encounter M. bovis with 
a longer period of life (Barwinek and Taylor, 1996). The difference in 
results between ages of cattle could also be a result of the slow progression 
of disease to a detectable level. 
Reaction bias to M. avian PPD could be due to infection with M. avium 
subsp. avium and M. avium subsp. paratuberculosis. M. avium subsp. 
paratuberculosis causes paratuberculosis, and is transmitted by the fecal- 
oral route (Anonymous, 2004). Cattle, the most affected species, are most 
susceptible to infection when they are young (Chacon et al., 2004). M- 
avium subsp. para tuberculosis is zoonotic and was recently isolated from 
the blood, urine, sputum, feces and biopsy samples of an AIDS patient 
(Richter et al., 2002). Therefore, the large proportion of avian PPD biased 
reactions could be due to M. avium subsp. paratuberculosis, which has also 
economic and potential zoonotic significance, and hence requires for 
further investigation. 
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In conclusion, the apparent prevalence was 13-5% when a cut-Off > 4mm 
was used while analysis of the same data using a cut-off value > 2MM, 
following ROC analysis for the CIDT test, gave an apparent prevalence of 
16. o%; the difference in apparent prevalence at the two cut-off values in the 
same study population was significantly different. At both cut-off points, 
the apparent prevalence was significantly lower in native zebu breeds 
compared to exotic as was the true prevalence Holstein cattle; this 
difference in breed susceptibility was also highlighted by the demonstration 
of increased disease severity in Holsteins (Chapter 3). 
These results showed that the maximum sensitivity of the CIDT test is 
achieved in cattle kept on pasture when a cut-off value >2MM is applied 
without affecting its specificity. Furthermore, in the light of increased 
numbers of Holstein cattle introduced into this area to raise milk 
production to satisfy the needs of Addis Ababa's growing population, these 
findings highlight the need for the desirability of a control program in these 
herds. 
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Chapter 4 
Application of mutiple tests for the detection of 
6pathogenic mycobacterial' infection in cattle 
4.1. Summary 
Host immune responses to M. bovis infection are variable at the different severity 
stages of pathology of bovine TB. In countries like Ethiopia, where routine 
screening of bovine TB is not undertaken, the use of tests, which measure CMI and 
antibody responses, may help for the maximum detection of infection. To address 
this possibility, CIDT test, IFN-y test, and lateral flow assay were performed on for 
701 cattle. The apparent prevalence was 33% when all the three tests were used, 
but varied from 23-25% when pairs of tests were applied, and from 9% to 15% 
when a single test was used. The results of both CIDT test and lateral flow assay 
showed higher apparent prevalence (P<o. ol) in Holstein than either in Zebus or in 
crosses, while no significant difference (P>0-05) was observed among breeds 
when IFN-y (PPDB-PPDA, OD45onmýto. o5) test was used. Agreement was 
observed between CIDT and IFN-y tests both at a CUt-Off > 2MM (Kappa ± standard 
Error, k±SE, 0.129±0.045; 95%CI= 0.041,0.216) and cut-Off >4mm (k±SE, 
0.094±0.044,95%CI=o. oo8, o. 179) while no agreement was observed either 
between CIDT test and lateral flow assay (k±SE, -0.04±0.033; 95%CI=- 
0.104,0.024), or between IFN-y tests and lateral flow assay (k±SE, -0.031±0.032; 
95% CI=-0.093,0.031). Although the use of more than a single test could lead to 
the detection of the maximum number of infected animals, more studies are 
needed to determine the true costs and benefits of such policy. 
Key words: CMI response, antibody response, CIDT test, IFN-y test, the lateral 
flow assay, M. bovis infection, test of agreement, Prevalence 
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4.2. Introduction 
There is a complex host-pathogen interaction in tuberculosis infections 
(Boom, 1996; Pollock et al., 2001), and detailed studies of the host- 
pathogen interactions in field cases of cattle naturally infected with M. 
bovis was found to be difficult (Pollock et al., 2oo6). For this reason, 
experimental models of infection have been utilized, and have 
demonstrated that all of the T-cell subsets (&y, CD4 and CD8) are involved 
in the infection progress (Pollock et al., 1996; Cassidy et al., 2001). In cattle 
experimentally infected with M. bovis, CD4 memory T-cells appear to be 
the dominant cell population producing IFN-7; CD8 memory T-cells have 
also been identified as important producers of IFN-, y (Hope et al., 2000; 
Smyth et al., 2001). CD4 cells contribute to the inhibition of intracellular 
growth of bacilli, whereas CD8 T-cells lyse M. bovis infected macrophages 
(Li6bana et al., 2000; Skinner et al., 2003) while &y T-cells have been 
observed to be involved in the early stages of M. bovis infection and early 
lesion formation (Pollock et al., 1996; Cassidy et al., 2001), where they may 
play a significant role the bacterial containment through the production of 
IFN-y (Symth et al., 2001; Kennedy et al., 2002; Pollock and Welsh, 2002). 
Cassidy et al. (1998) reported that the onset of CMI response is associated 
with the development of visible lesions, and as infection progresses, change 
in the balance of the anti-mycobacterial immune response are associated 
with a more prominent Tho immune profile, including the development of 
antibody responses, reduced CMI responses and a more widespread pattern 
of disease (Ritacco et al., 1991; Palmer et al., 2000; Welsh et al., 2005). As 
the CMI response dominates early anti-mycobacterial immunity, 
stimulation of the memory T-cell response with mycobacterial antigens 
provides a means for detection M. bovis infection (Pollock et al., 2oo6). 
Skin testing is the most frequently used diagnostic method measuring CMI 
dependent delayed type hypersensitivity (DTH) reaction in response to 
tuberculin. The development of IFN-y testing (Wood and Rothel, 1994) has 
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been a significant contribution to the diagnosis of bovine TB, and IFN-y test 
may detect infected animals before the onset of the DTH skin test response 
(Pollock and Neill, 2002). Although serological testing is less sensitive for 
the early diagnosis of M. bovis infection, various studies have been 
conducted to assess the diagnostic potential of serological testing at other 
stages of the disease. Antigens such as ESAT-6,14 kDa, MPT63, MPT70, 
MPT51, MPT32, and MPB83 have been shown to contain B-cell epitopes 
that can be exploited for the serodiagnosis of tuberculosis infections 
(Lyashchenko et al., 1998; Lightbody et al., 2000; McNair et al., 2001). 
Lyashchenko, et al. (2ooo) has developed a very effective multi-antigen 
print immunoassay (MAPIA) for the serodiagnosis of tuberculosis infection 
in cattle and wildlife. 
In countries like Ethiopia, where routine screening of bovine TB is not 
undertaken, the use of tests, which measure CMI and antibody responses, 
may help to detect infection. In this study, CMI was measured using skin 
test and IFN-y test, as there is no complete overlapping between the two 
tests. In addition, lateral flow assay was used to measure the antibody 
response. 
4.3. Results 
4.3-1. Comparative intradermal tuberculin (CIDT) test 
Skin test prevalence in the subset Of 701 cattle from the previous Chapter 
was 9.1% (64/701) at cut-Off >4mm, it) while it was 13.7% (96/701) at a cut- 
Off >2MM. Increase in skin thickness following the intradermal. 
administration to avian and bovine PPD s were assessed in the two cattle 
breeds and crossbred cattle, and the mean increases in skin thicknesses 
following the administration of avian and bovine PPD's did not differ (P 
values 0.07-0-48) among the three types (Figure 4-1). This is, therefore, in 
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line with the results described with the larger sample size in the previous 
Chapter. 
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Figure 4.1. Average of increase in skin thickness following the intradermal administration 
of tuberculins in three breeds of cattle kept in central Ethiopia. 
Mean increases in skin thicknesses following the administration of avian PPD and 
bovine PPD were comparable in the three breeds. 
4-3.2. Gamma interferon (IFN-y) test 
Using the IFN-y test (PPDB-PPDA) at a cut-off point of OD45onmý! 0.05, 
the prevalence was 15.4% (lo8/701). The level of y-IFN responses to 
mycobacterial antigens were assessed in the three breeds of cattle and the 
result is presented in Table 4.1. The IFN-7 responses to mycobacterial 
antigens were low and comparable in the three breeds. But although not 
significantly different, slight increases in responses to all the three 
mycobacterial antigens were evident in Holsteins as compared to the other 
two breeds (Table 4-1). On the other hand, a significantly higher (P<o. ol) 
IFN-, y response to mitogen (PHA) was observed in Holstein (1.21±0.07) than 
in Zebu cattle (o. 85±0.04). 
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Table 4.1. Means of optical density (OD45onm) of IFN-7 responses to 
mycobacterial antigens in the three breeds of cattle 
Breed OD45onm OD45onm OD45onm OD45onm OD450nm 
Saline PPDA PPDB ESAT6/CFPio PRA 
(Mean+-SEM) (Mean ±SEM) (Mean ± SEM) (Mean ±SEM) (Mean± SEM) 
Holstein (0.12±0.001) (0.11±0.02) (0-14 ±0.02) (0.21 ±0.04) (1.21 ±0.07) 
(n=215) 
Zebu (0.10±0-001) (0-17 ±0.04) (0-15 ±0.02) (0-19 ±0-03) (o. 85±0.04) 
(n=291) 
Cross (0.10 ±0.001) (0.11 ±0.01) (o. 16 ±0.02) (o. 18 ±0.02) (0-74 ±0-03) 
(n=265) 
4.3-3. Chembio rapid test (Lateral flow assay) 
The lateral flow assay has recently been developed for the diagnosis of 
tuberculosis. A cocktail of mycobacterial antigens is used to measure 
antibody response to mycobacterial infection. Figure 4.2 shows the bands 
formed when lateral flow assay is performed. The prevalence by lateral flow 
assay was 11.5% (n=196o). In animals for which results for IFN-y and CIDT 
tests were available (n=701), the prevalence using the lateral flow assay was 
10.4% (73/701). 
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Figure 4.2. Lateral flow assay. 
30W of serum and three drops of diluent are mixed in the hole of the plate, and incubated 
at room temperature for a maximum Of 20 minutes. A single band is formed only at 
control in negative cases (653) while double bands are formed at a control and test in 
positive cases (673). No band is formed if the test is not working. 
5.3-4. Combined results of the three tests 
The overall prevalence was calculated by subtracting the overlapping 
results of the tests from the sum of the results of the three tests divided by 
the total number of the study animals (Figure 4-3). Accordingly, it was 32% 
(n=701) i. e. 1[(6o+68+52)] +[(26+7+11+3)11/701=32-3%. The frequency of 
responders varied from 9% to 15% when a single test was used while it 
varied from 23-25% when a pair of tests is used (Table 4.2). 
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Figure 4.3. Responders to CIDT test, 7-IFN test, and lateral flow assay. 
Of the 701 cattle tested, 96,1o8, and 73 were positive by CIDT>2MM, 7-IFN (B-A) test, and 
lateral flow assay, respectively. The difference between the sum of the responders of the 
three tests and the overlapping responders gave the overall frequency of responders. Thus, 
f[(6o+68+52)] + [(26+7+11+3)11/701=32.3% 
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Table 4.2. Frequencies of responders to mycobacterial antigens and tests at 
different cut-off points. 
Type of test No. Number (%) positive 
tested 
i. Single test 
CIDT (cut-Off >4mm) 701 64(9-1) 
CIDT (CUt-Off >2MM) 701 96(13.7) 
PPDB IFN-7 test (OD45onm, B-A ý! 0-05) 701 lo8(15.4) 
Lateral flow assay 701 73(10.4) 
2. Any Pair of tests 
CIDT>2MM + IFN-7 test 701 157 (6o+26+3+68)(22-4) 
CIDT>2MM + Lateral flow assay 701 122 (6o+7+3+52)(17-4) 
Lateral flow assay + IFN7 test 701 174(68+11+3+52)24.8) 
3. All three tests 
CIDT>2MM + IFN-7 test + Lateral flow 701 227(32-3) 
assay 
The results of the comparative intradermal tuberculin test (CIDT >2MM, 
CIDT >4mm) and the lateral flow assay were both interpreted. The cut-off 
value for the IFN-7 test was fixed at OD450ý! 0-05. For the CIDT test and 
lateral flow assay results of 196o cattle were analysed; 701 of which passed 
the quality control criteria for the interpretation of IFN-'Y test and thus the 
results of these animals were used to assess this test. Table 4.3 shows the 
level of agreement between the different tests of bovine TB. A slight 
agreement was observed between CIDT and IFN-7 tests both at a cut-off 
>2MM (Kappa ± standard Error, Ic+_SE, 0.129±0.045; 95%CI= 0.041,0.216) 
and a cut-Off >4mm (Kappa ± standard Error, k±SE, 0.094±0.044, 
95%CI=0-oo8,0-179) while no agreement was observed either between 
CIDT test and lateral flow assay (k+-SE, -0.04±0.033; 95%Cl=-0.104,0.024) 
or between IFN-y tests and lateral flow assay (k+-SE, -0.031±0.032; 95% 
Cl=-0-093,0.031). 
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Table 4.3. Degree of agreement between the results of the diagnostic tests of 
bovine tuberculosis in 701 cattle. 
Kappa statistics was used to assess the level of agreements between either of the 
two tests. 
IFN-y test PPD(B-A) Kappa statistics (K+-SE), 
95% Confidence interval 
Positive Total 
CIDT>2mm N 523 82 605 0.129±0-045 (0.041,0.216) 
Positive 70 26 96 
Total 593 1o8 701 Slight agreement 
Negative 546 91 637 0.094±0.044(0. oo8,0.179) 
CIDT Positive 47 17 64 
>4mm Total 593 1o8 701 Slight agreement 
Rapid test Negative 531 97 628 -0.031±0.032(-0.093,0.031) 
Positive 62 11 73 
Total 593 108 701 No agreement 
Rapid test 
Negative Positive Total 
CIDT>2MM Negative 539 66 605 -0.04±0.033 (-0.104,0.024) 
Positive 89 7 96 
Total 628 73 701 No agreement 
CIDT Negative 570 67 637 -0-011±0-036(-o. o82, o. o6) 
>4mm Positive 58 6 64 
Total 628 73 701 No agreement 
The result of a multiple logistic regression analysis of host factors showed 
that significant variations in the frequency of responders among breeds 
(P<o. ol) and age groups for the CIDT test and the lateral flow assay; but no 
significant variation was observed for the IFN-, y test (Table 4-4). 
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Table 4.4. 
factors on 
tuberculin I 
Multiple logistic regression 
the frequency responders 
Lest, IFNy test, and lateral flow 
analysis of the association of host 
of the comparative intradermal 
Factor Number Number OR (95%CI) P-value 
examined positive (%) 
CIDT (>4mm) 
Age (year) 
<2] 664 25(3.8) 1 
(2-51 534 62(11.6) 3.32(2-05,5-34) 0.000 
(5-91 474 65(13.7) 4.48(2-74,7.32) 0.000 
>9) 288 28(9-7) 3.04(1-72,5.37) 0.000 
Sex 
Male 840 89(lo. 6) 1 
Female 1120 91(8.1) 0.70(0.50,0.97) 0-035 
Breed 
Zebu 762 64(8-4) 1 
Cross 796 69(8-7) 1-5 (0.92,1.99) 0.12 
Holstein 402 47(11.7) 2. o6(l. 33,3.17) 0.001 
2. PPDB IFN-7 
test 
Age (year) 276 37(13-4) 1 
<2] 209 32(15-3) 1.2(0.69,1.92) 0-58 
(2-51 16o 23(14.4) 1.1(o. 64,2.02) o. 65 
(5-91 126 19(15.0) 1.2(0.67,2.23) 0-49 
>9) 
Sex 
Male 36o 47(13.1) 1 
Female 411 64(15.6) 1.2(0-78,1.8) 0-42 
Breed 
Zebu 291 37(12.7) 1 
Cross 265 44(16.6) 1-4 (o. 83,2.2) 0.2 
Holstein 215 30(14.0) 1.1(o. 63,1.8) 0-7 
Lateralflow 
assay 
Age (year) 664 55(8-3) 
<2] 534 76(14.2) 1.90(l. 28,2.68) 0.001 
(2-51 474 61(12.9) 1-7(1.2,2.6) o. oo6 
(5-91 288 34(11.8) 1.6(1.0,2-5) o. o6 
>9) 
Sex 
Male 840 99(11-9) 1 
Female 1120 127(11.3) 0-90(0.70,1.2) 0.5 
Breed 
Zebu 762 82(10.8) 1 
Cross 796 88(11.1) 1.1(0.8,1.5) o. 6 
Holstein 402 56(13.9) 1.5(l. 5,2.2) 0.04 
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4.4. Discussion 
Sensitivities and specificities could not be computed for both the IFN-, y test 
and the lateral flow assay because of the difficulties in obtaining blood from 
the negative animals from slaughterhouse and the unwillingness of the 
farmers to sell skin test negative animals. As a result, cut-off values defined 
in Great Britain Holstein cattle (OD45o differences of > o. 1, Vordermeier et 
al., 2001)was initially used in a pilot study. However, at this cut-off point, 
the relative sensitivity of the IFN-7 test in skin test positive cattle was low 
under Ethiopian conditions. Hence, in order to improve the sensitivity of 
the IFN-7 test, we decided on a cut-off point at ýtO-05, a similar cut-off was 
used by Alvarez et al. (2007) in goats in Spain. Nevertheless, the sensitivity 
was still low compared to the reported IFN-7 test sensitivities from high- 
income countries in Europe, Australia and North America (reviewed by de 
la Rua-Domenech et al. (2oo6). The sensitivity and specificity of the CIDT 
test were determined at a cut-off point >2mm and >4mm (See Chapter 4). 
The apparent prevalence varied from 9-15% when either of the single tests 
was used; from 17% to 25% when either pair of tests was used while it was 
32% when the three tests were used together. Thus, maximum sensitivity is 
achieved when the three tests are used in combination. This result is 
substantiated by the results of previous studies, which have also reported 
that the skin test and IFN-, y test target non-completely overlapping 
populations of infected animals (Gormley et al., 2oo6), and it is therefore 
likely that a higher percentage of infected animals would be detected by 
applying both tests. Neill et al. (1994a) indicated that a significant 
proportion (38%) of skin test negative cattle with microbiological evidence 
of M. bovis were positive for IFN-y test positive. In human studies, it has 
also been indicated that 43% contacts with a history of exposure but skin 
test negative were positive in the IFN-y assay (Streeton et al., 1998). 
However, the result of the present study showed low level (k=o. o98) of 
overlapping between the skin test and IFN-y test. The two tests behaved 
differently in detecting different population of infected population as a 
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result only 18.3% of CIDT test positive animals were also positive for the 
IFN-, y test. In both tests, the responses to avian PPD were significant 
thereby undermining responses to bovine PPD, and finally resulted in lower 
sensitivities of the two tests. Our previous study on the IFN-, y response in 
CIDT test positive cattle has also indicated lower level of responses of IFN-'Y 
in both Holstein and zebu breeds, in general and in zebus, in particular 
(Ameni et al., 2oo6). Similar to the findings of the present study, Alvarez et 
al. (2007) have reported very low level of agreement (k=0.036) between 
CIDT and IFN-7 tests in M. bovis infected goats in Spain. The possible 
causes for such discrepancy could be co-infection with gastro-intestinal 
parasites and/or paratuberculosis. The effect of infection with M. avium 
subspecies para-tuberculosis on CIDT test efficiency for the diagnosis of 
bovine TB has been reported (Amadori et al., 2002; Alvarez et al., 2007). 
However, while an attempt is made to rise the sensitivity there could 
obviously a possibility of decreasing the specificity (Martin et al., 1987). 
Non-specific responses to tuberculin and other TB tests in cattle have been 
described after natural, environmental vaccine exposure to various species 
of bacteria that share proteins with bovine PPB tuberculin (reviewed by de 
la Domenech et al., 2oo6). In countries like the UK and Ireland, 50-80% Of 
all cattle reacting to skin test show no signs of disease at slaughter (no 
visible lesion and failure to isolate M. bovis on culture) (Goodchild and 
Clifton- Handley, 2001). This undermines farmers' confidence on the ante 
mortem diagnostic tests of bovine TB. In regions where bovine TB is 
endemic, ante mortem diagnostic tests have a high accuracy of predicting 
M. bovis infection whereas the prevalence of TB falls the predictive value of 
a positive skin test or IFN-y test also declines and a larger proportion of 
positive test results arise from non-specific responses to M. bovis antigen 
(de la Rua-Domenech et al., 2oo6). 
Similar to the overlapping between the CIDT and IFN-, y tests, low level of 
overlapping (k=0-053) was observed between the lateral flow assay and 
CIDT test. But, in this case, since these two tests measure immune 
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responses to bovine TB at different ends of the disease spectrum, the 
finding of such a low level of agreement between them is expected. On 
other hand, despite the general notion that serological tests are less 
sensitive and specific for diagnosis bovine TB, extensive investigations have 
been undertaken on their evaluation for the diagnosis of bovine TB (Hanna 
et al., 1992; Lyashchenko et al., 1998; Plackett et al., 1998; Chinn et al., 
2000; Lightbody et al., 2000; Amadori et al., 2002; Lyashchenko et al., 
2004). This is because serological tests may help to detect CIDT test- 
negative anergic cattle in the advanced phase of infection, thus 
complementing the results of CIDT test (Plackett et al., 1998). 
Furthermore, they could elucidate the disease status of farms and herds, 
which are characterized by dubious, inconclusive CIDT test results 
(Amadori et al., 1998). 
Recently, it was observed that antibody responses to MPB83 and MPB70 
were boosted following skin testing in M. bovis infected unvaccinated 
calves as compared to M. bovis infected but BCG vaccinated calves 
(Lyashchenko et al., 2004). Other authors also reported the boosting of 
MPB70-specific antibody response following skin testing by bovine PPD in 
experimental and natural M. bovis infections (Harboe et al., 199o; 
Lightbody et al., 1998). Lyashchenko et al. (2004) further indicated a 
positive correlation between tuberculin-induced MPB83-specific IgG levels, 
and disease severity. Thus, (Lyashchenko et al., 2004) concluded that the 
BCG vaccinated calves, which were protected having reduced pathology and 
bacterial loads, and did not develop serum IgG response. This finding has 
practical application in the diagnosis and vaccination of bovine TB. As 
suggested by Lyashchenko et al. (2004), MPB83 -specific serological tests 
following skin test can be used to monitor the efficacy of a vaccine 
particularly in developing countries. An inverse relationship was observed 
between MPB83 -specific IgG level following skin test and BCG efficacy in 
protecting M. bovis infection (Lyashchenko et al., 2004). The implication of 
such finding in the diagnosis of bovine TB is that if skin testing is 
undertaken first and then followed by serological tests using MPB83, the 
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response is boosted and animals which were false negative by skin test may 
turn positive. 
Therefore, it is most beneficial to use these tests in parallel to maximise the 
detection of infected animals (Gormley et al., 2oo6) under circumstances 
where they are affordable. However, it may not be possible to use a 
combination of these tests particularly in developing countries like 
Ethiopia. Under such circumstances, selection of the appropriate test is a 
requirement. Hence, it is necessary to evaluate the technical simplicity and 
the costs of each of the tests for their application. Although the IFN-'Y test is 
gaining increasing popularity mainly in economically advanced countries, 
its cost may not be affordable in developing countries; furthermore, it is 
more demanding technically, and hence its use as a routine diagnostic test 
is unlikely. On the other hand, the CIDT test and the lateral flow assay are 
simpler and are technically less demanding. Besides, their costs are lower 
than the cost of the IFN-y test. The CIDT test has been in use for almost a 
century and, despite the technological advances in the last two decades, it is 
still the only prescribed test for the diagnosis of TB in cattle (reviewed by 
Cousins and Florisson, 2005)- On the other hand, it is generally considered 
that the detection of humoral antibody is a poor indicator for TB infection 
(Gutierrez et al., 1998). Furthermore, as the humoral immune response 
rises towards the end of stage of the disease when the host is already at its 
most infectious status and has transmitted the infection to other members 
of the herd, antibody-based tests alone will not have real impact on the 
eradication and control programs for TB (reviewed by Cousins and 
Florisson, 2005). In addition to the stages of the pathogenesis of bovine TB, 
which affect its diagnosis, the species of Mycobacteria, which cause TB 
particularly in grazing cattle could affect the efficacies of the diagnostic 
tests. Hence, the implications of the identified mycobacterial species 
isolated from grazing animals (see Chapters 3 and 7) on the specificities the 
diagnostic tests will be discussed in Chapter 7- 
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However, regardless of the cost and other logistics implications, it 
important to underline that the nature of the pathogenesis of bovine TB 
and the host's immune response at the different stages of infection 
necessitate the use of a combination of tests, preferably combinations that 
measure CMI and antibody responses, for the maximum detection of the 
disease. 
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Chapter 5 
Effects of cattle breed and husbandry on the pathology 
of bovine tuberculosis and IFN-y response to 
mycobacterial antigens 
5.1. Summary 
IFN-, y responses to tuberculin PPD, and an ESAT6/CFPlo protein cocktail were 
assessed in Zebu (Ethiopian Arsi breed) and Holstein kept indoors or on pasture. 
Furthermore, the intensity and distribution of pathology of bovine TB were 
compared between the two breeds. When responses of tuberculous Arsi and 
Holstein cattle kept on pasture under identical management were compared, it 
was evident that IFN--y responses to avian PPD (0-49±0.10 vs. 0.39±0.07), bovine 
PPD (o. 63±0.11 vs. 0.43±0.07), or to ESAT6-CFPlo protein cocktail (0-43±0.01 vs. 
0.30±0.05) were significantly higher (for all antigens: P<0.05) in Holstein than in 
Arsi cattle. In addition, Holstein cattle that were kept in-house (high intensity 
farming) were shown to produce significantly higher IFN-, y in response to avian 
PPD (o. 63±0.10 vs. 0-49±0-1o), bovine PPD (o. 85±0.14 vs. o. 63±0.11), and the 
ESAT6-CFPlo protein cocktail (0-58±o. lo versus 0.43±0.01) than Holstein kept 
on pasture. Secondly, the pathology was significantly more severe (P=o. o18) in 
Holsteins (mean±SEM, 6.84±0.79) than in zebu (5.21±0.30) under an identical 
grazing husbandry system. Moreover, lesion severity was significantly higher in 
Holsteins kept indoors (P<o. ool) than in those kept on pasture. Lesions were 
predominantly localised in the digestive tract in cattle kept on pasture while they 
were localised in the respiratory tract in cattle kept indoors regardless of breed. 
Fifty-six percent (n=145) of the animals with gross TB lesions were culture 
positive; the lowest culture positivity was recorded in the skin lesions (27.3%) and 
the lesions of the mesenteric lymph node (31.5%). In conclusion, both IFN-, y in 
response to mycobacterial antigens and severity the pathology of bovine 
tuberculosis were affected by cattle breed and cattle husbandry. 
Key words/phrases: Breed, Husbandry, IFN-y response, Mycobacterial antigen, 
Pathology 
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5.2. Introduction 
When cattle are exposed to M. bovis, many factors have significant 
influence on subsequent events and the eventual outcome. Some of these 
factors are inherent to the mycobacterial bacillus, while others are of the 
host and yet others relate to the environment. For example, it was stated 
that housing predisposes cattle to tuberculosis so that the disease is more 
common and serious in these forms of husbandry (Radostits et al. 1994). 
Tuberculosis in cattle is transmitted by inhalation or ingestion; the former 
being the main portal of entry in housed cattle while the latter is obviously 
more likely on pasture. Zebu type cattle are thought to be more resistant to 
tuberculosis than European cattle and the effect of the disease on these 
cattle are much less severe as stated earlier (Carmichael, 1940). One of the 
difficulties in generating more data on such observation was the problem of 
getting the two breeds under identical cattle husbandry. Zebu breeds are 
mainly limited to Africa and Asia while European breeds are mainly found 
in Europe and other developed countries. Moreover, although European 
breeds have been introduced to Africa, they are not usually kept together 
with zebu under identical cattle husbandry. In this Chapter, the effects of 
breed and cattle husbandry on severity of pathology of bovine tuberculosis 
and gamma interferon response to mycobacterial antigens were assessed in 
Holsteins and zebus that were kept on pasture by traditional farmers. In 
addition, in order to determine the effect of husbandry on the severity of 
pathology of bovine TB and IFN-y responses to mycobacterial antigens 
were compared in Holsteins that were kept indoors in intensive 
management with those kept on pasture in open air. 
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5.3. Results 
5.3-1- IFN-y responses to mycobacterial antigens 
When responses of tuberculous Arsi and Holstein cattle kept under 
identical husbandry conditions (low-intensity, on pasture) were compared, 
it was evident that IFN-, y responses to avian PPD (mean±SEM, 0-49±0.10 
vs. 0.39±0.07), bovine PPD (o. 63±0.11 vs- 0.43±0.07), or the ESAT6-CFPlo 
protein cocktail (0-43±0.01 vs. 0.30±0.05) were significantly higher (for all 
antigens: P<0.02) in Holstein than in Arsi cattle, whilst responses to the 
positive control PHA, or to saline (i. e. no antigen) control wells, were not 
significantly different between the two breeds (Figure 5.1). When Holstein 
cattle under different husbandry practices were compared, Holstein cattle 
that were kept in-house (high intensity farming) were shown to produce 
significantly higher IFN-y in response to avian PPD (mean-+SEM, o. 63±0.10 
vs. 0.49±0-lo), bovine PPD (o. 85±0.14 vs. o. 63±0.11), and the ESAT6- 
CFPlo protein cocktail (0-58±o. lo versus 0.43±0.01) (Figure 5.2). 
However, in skin test responses, we observed no significant difference in 
reaction sizes between zebu and Holstein cattle (Figure 5.3, P> 0-099, 
0.145, and 0.33 for responses to bovine, avian PPD and the difference 
between the two tuberculins, respectively). 
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Figure 5.1. IFN-, y response to mycobacterial antigens in Holstein and Zebu cattle 
kept on pasture. 
Whole blood cultures were stimulated with avian PPD, bovine PPD (both used at lo 
pg/ml), and ESAT6-CFP1o protein cocktail (5 pg/ml of each protein). Positive control: 
phytohemaglutinin (PHA, 5 Ag/ml). IFN-, y was determined by BOVIGAM EIA, and results 
are expressed as mean + SEM. (* p< 0.02). 
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Figure 5.2. IFN-, y response to mycobacterial antigens in Holstein kept indoors or 
on pasture. 
Whole blood cultures were stimulated with avian PPD, bovine PPD (both used at lo 
Vg/ml), and ESAT6-CFP1o protein cocktail (5 gg/ml of each protein). Positive control: 
phytohemaglutinin (PHA, 5 pg/ml). IFN-7 was determined by BOVIGAM EIA, and results 
are expressed as mean + SEM. (* p<o. ool). 
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Figure 5.3. Comparative intradermal tuberculin test results in grazing Holstein and Zebu 
cattle. 
Change in skin thicknesses after application of avian PPD and bovine PPD were measured 
in millimeters. In addition, the differences in the reaction sizes with bovine PPD injection 
site and avian PPD injection site (PPDB-PPDA) are also shown. 
A comparison has also been performed between increase in skin thickness 
in response to injection with PPD's between Hosteins kept indoors and 
those kept on pasture (Figure 5-4). Increase in skin thickness in response to 
avian PPD injection was significantly higher (P<0.05) in Holstein kept on 
pasture than those kept indoors. On the other hand, increase in skin 
thickness to bovine PPB injection was significantly higher (P<o. ool) in 
Holsteins kept indoors as compared to Holsteins kept on pasture. 
P=0.33 
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Figure 5-4. Increase in skin thickness to avian and bovine PPD's in Holsteins kept indoors 
and Holsteins kept on pasture. 
Increase in skin thickness in response to avian PPD was significantly higher 
(P<0.05) in Holstein kept on pasture than those kept indoors. On the other hand, 
increase in skin thickness to bovine PPB was significantly higher (P<o. ool) in 
Holsteins kept indoors as compared to Holsteins kept on pasture. 
3.3.2. Necropsy findings 
Lesion distribution and disease severity were established in 153 skin test 
positive reactor animals that had gross pathological lesions typical of 
bovine TB when examined by post-mortem. Gross lesions typical of bovine 
tuberculosis were detected in 95% (145/153) of the reactors studied. The 
occurrence of TB lesions in the lymph nodes and lungs is presented in Table 
5-1 as percentage of total animals assessed. A significant difference(X2 =351; 
P<o. ooi) in the tropism of TB lesion in lymph nodes was found: the 
percentage of lesions occurring in mesenteric lymph nodes was highest 
(94-5%), followed by retropharyngeal, (74.5%), and caudal mediastinal 
P=0.00001 
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P=0.00001 
lymph nodes (64.4%). In contrast, no tropism of TB lesion for particular 
parts of the lung was observed (X2 =4.43; P=0-49). The findings presented 
in Table 3.1 indicated that the mesenteric lymph nodes constituted the 
most severely affected lymph nodes (mean pathology scores±SEM, 
1.95±0. o8) followed by retropharyngeal. (o. 8o±0.05) and caudal 
mediastinal (o. 8±o. o6) lymph nodes. 
Table 5J. Distribution of lesions of tuberculosis in the lymph nodes and lobes 
of lungs Of 145 sldn test positive cattle with tuberculosis lesion in at least one 
tissue/organ. 
Tissue Number Number(%) X2test, P value 
examined Positive 
Lymph nodes x2 =351; 
and skin P=0.0000 
Mandibular 145 19(13.1) 
Retropharyngeal 145 lo8(74-5) 
Cranial 145 
mediastinal 54(37.2) 
Caudal 145 
Mediastinal 92(63-4) 
Left bronchial 145 59(40-7) 
Right bronchial 145 49(33.8) 
Mesenteric 145 137(94-5) 
Skin 145 11(7.6) 
Lobes of lungs x2 =4.43; P=0-49 
Left apical 145 641) 
Left cardiac 145 lo(6.9) 
Left 145 
diaphragmatic lo(6.9) 
Right apical 145 8(5-5) 
Fight cardiac 145 641) 
Right 145 
diaphragmatic 13(9-0) 
Right accessory 145 11(7.6) 
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3.3-3. Gross pathology of bovine tuberculosis in relation to cattle 
breed and husbandry 
Investigation was made to determine the effect of breed and husbandry on 
severity of pathology of bovine TB by tabulating the disease severity using a 
semi-quantitative pathology scoring system (Vordermeier et al., 2002). The 
severity of pathology in Holstein and zebus is depicted by Figure 5.5; with 
the severity of pathology in Holsteins [mean pathology scores + SEM: 
6.84±0.79; median scores (range): 6. o (2-42)] was significantly higher 
(P=o. ol8, Mann-Whitney test) than the severity of pathology in zebu 
[mean scores + SEM 5.21±0.30; median (range): 5.0 (1-17)]. 
8 
0 
Breed 
Figure 5.5. Mean pathology score in skin test positive cattle. 
These animals were selected from among the skin test positive animals on the 
basis of the level of skin indurations and willingness of the owners to sell. The 
pathology was significantly more severe (P=o. ol8, Mann-Whitney test) in 
Holsteins (n=50) than in Zebu (n=73) under identical cattle husbandry 
Furthermore, whilst the lesion distribution between animals of Holstein 
and Arsi cattle kept on pasture was identical and more concentrated in the 
alimentary tract (i. e. mesenteric lymph nodes, see Figure 5.6 for Holsteins 
on pasture), we observed a significant difference in the lesion distribution 
in animals kept under high intensity management (in-house) compared to 
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Holstein Zebu 
those kept on pasture. Figure 5.6 illustrates this point by comparing 
pathology scores from Holstein cattle kept on pasture or kept mainly in- 
doors under high-intensity management: The Holstein cattle kept indoors 
presented predominantly with lesions in the lungs and lymph nodes 
draining the upper and lower respiratory tracts (P< o. ol compared to 
pastured Holstein cattle), while, as stated above, digestive tract lesions 
were more prominently found in Holsteins kept on pasture (P< o. oi, 
compared to housed Holstein cattle). 
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Figure 5.6. Mean pathology score in the lymph nodes and other organs of Holstein cattle 
kept indoors or on pasture. 
Pathology scores were determined as defined by Vordermeier et al., 2002 and 
mean scores from individual lung lobes or lymph nodes lymph nodes are shown. 
Results are expressed as mean scores/tissue + SEM. URT, upper respiratory tract; 
LRT, lower respiratory tract; AT, alimentary tract. 
In addition, the comparison of the severity of pathology in housed 
Holsteins and Holsteins kept in the field demonstrated that disease severity 
was significantly higher (P<o. ool) in Holstein kept in-house than in those 
kept at pasture (mean lesion scores±SEM, 9.77±0.2.20 vs. 6. o±o. 28) 
regardless of the cattle breed (Figure 5-7). 
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Figure 5.7. Mean pathology score of Holstein kept on free grazing and Holsteins 
kept housed in intensive farm. 
Mean pathology score was significantly higher (P*<o. ool) in Holstein that were kept 
indoors as compared to those kept on pasture 
3.3-4. Relationship between IFN-y responses and pathology in 
cattle kept under different husbandry conditions 
Different relationships between in vitro IFN-, y responses and the pathology 
of bovine tuberculosis were observed between cattle kept mainly in-doors 
and cattle grazing on pasture. Whereas the pathology of bovine tuberculosis 
in grazing Holsteins (Figure 5.8A) and pastured zebus (not shown) 
positively correlated with IFN-, y responses after stimulation with bovine 
PPD (Spearman r=0.487, P<0.05), avian PPD and ESAT-6/CFP-10 
proteins (P < 0.05, not shown), no positive correlation was found between 
pathology and IFN-y production when Holsteins housed in-doors were 
assessed although this correlation was not statistically significant 
(Spearman r= -0.2628, P=0.1945, Figure 5.8B). Interestingly, skin test 
results - assessing either PPD-B induced results or the differences between 
PPD-B and PPD-A induced responses - did not correlate in pastured or 
housed Holstein cattle (Spearman r-values between -0.124 to 0.112, p- 
values between 0.488 to o. 803). 
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Figure 5.8. Relationship between IFN-, y responses and severity of pathology. 
A. IFN-y responses to bovine PPD and pathology of bovine TB in Holstein cattle 
kept on pasture (Spearman test r= 0-487, P<0-05). B. IFN-y responses to bovine 
PPD and severity of pathology of bovine TB in Holstein cattle kept indoors 
(Spearman r =-0.262, P>0-05) 
3-3.5. Histopathology 
Samples from gross lesions were processed for histopathological 
examination, and the commonly observed microscopic lesions were 
characterized by a centeral necrosis with mineralization surrounded by 
granulomatous inflammatory response (Figure 5-9). Thus, as as it can be 
observed from Figure 5.9, necrosis, calcification and infiltration of 
immuno-inflammatory cells were the main histopathological findings. 
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Figure 5-9. Caseous necrosis surrounded with granulomatous inflammation in the 
mediastinal lymph node of a cow (Hematoxylin &eosin-stainedý 40x). 
Central necrosis with mineralization surrounded by a granulomatous inflammatory 
response is evident. 
3.3.6. Bacteriology 
Fifty-six percent of (81/145) the animals with gross TB lesions were culture 
positive in at least one lymph node or tissue collected from other organ 
systems. As indicated in Figure 5.10, the highest proportion of culture 
Positivity (71-43%) was observed in right bronchial lymph nodes, while the 
lowest percentage of positive cultures was observed in the skin (27.3%) and 
in the mesenteric lymph node (31.5%). However, culture positivity of 
suspicious lesions did not differ (X2 =0.13, P=0.72; EP16, comparison of 
proportion) between Holstein (54%, n=5o) and zebu (51%, n=73) breeds 
kept under identical field husbandry. 
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Figure 5.10- Proportion of culture positivity of suspicious tissues obtained from 145 
animals with gross tuberculous lesions. 
Culture positivity was confirmed by the demonstration of acid-fast bacilli in the 
colonies. Culture positivity did not differ (X2 =0.13, P=0.72) between Holstein 
(54%, n=5o) and zebu (51%, n=73) breeds kept under identical field husbandry. 
3.3-7. Speciation of mycobacterial isolates 
Although the identification and molecular characterization of 
mycobacterial species causing bovine TB in these cattle is being discussed 
in detail in Chapter 7, it is appropriate to present a summary of the findings 
in this Chapter. In grazing cattle, the 40 isolates collected that gave a signal 
for mycobacteria, 11 (27.3%) were M. tuberculosis, 7 (17.1%) were M. aviurn 
subspecies while only a single isolate was M. bovis. These findings are in 
contrast to the isolates from animals kept indoors at high intensity 
management, where all the isolates (41) were confirmed to be M. bovis (see 
Table 7.2, Chapter 7). This demonstrates that bovine TB in grazing animals 
is rarely caused by M. bovis but mainly caused by M. tuberculosis and non- 
M. tuberculosis complex species. The implications of these findings will be 
discussed in Chapter 7. 
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5.4. Discussion 
The level of IFN-y responses to the tested mycobacterial antigens was 
significantly lower in Arsi cattle, a zebu B. indicus breed compared to 
Holstein cattle (B. taurus) kept under the same husbandry conditions. The 
difference in IFN-y responses in zebu and Holsteins maintained under 
identical conditions could be due to the distinct BoLA alleles between the 
two breeds thus affecting the recognition of mycobacterial antigens. 
Although this appears not to be the most likely explanation as tuberculin 
responses (Le. responses against a complex mixture of mycobacterial 
antigens) were equally lower in the zebu cattle studied, further 
investigation on the repertoire of mycobacterial antigens recognised as well 
as the qualitative nature of the immune responses in respect to e. g. other 
cytokines have been investigated, and the results will be discussed in 
Chapter 6. It is also noteworthy that the IFN-, y responses observed in 
Holstein cows in Ethiopia were considerably lower than those reported for 
Holsteins in the United Kingdom, Ireland, or New Zealand (Ameni and 
Vordermeier, unpublished, Chapter 6). A likely explanation could be that a 
higher proportion of Holstein cattle in Ethiopia suffer from far advanced 
disease. Since the test and slaughter based control method is not applied in 
Ethiopia, disease could progress longer with a higher proportion of animals 
reaching a more severe disease status. In addition, multiple parasitic 
infections, which prevail in the study population (personal observation), 
could also modulate the IFN-y responses to mycobacterial antigens. For 
example, a previous study in Ethiopia showed that infection with either 
Fasciola spec. or Strongy1us spec. significantly reduced skin indurations to 
bovine PPD in M. bovis infected heifers compared to M. bovis infected 
heifers that had been de-wormed before skin testing (Ameni and Medhin, 
2000). 
Furthermore, although the distribution of the pathology in reactors of the 
two breeds was comparable, the severity of pathology was significantly 
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higher in Holstein than in Arsi zebus. Historical reports also indicated that 
Bos taurus breeds (the group to which Holsteins belong) are more 
susceptible to bovine TB as compared to Bos indicus, J. e. zebu cattle 
(Carmichael, 1940; Radostits et al., 1994), although few contemporary data, 
particularly in Africa, and comparing Holstein cattle with native breeds, are 
available. Our study is therefore substantiating and extending these earlier 
findings. Experimental studies also support the notion of susceptibility 
differentials between Bos taurus and Bos indicus breeds: experimental M. 
bovis infection of calves of taurine and zebus with 50 mg of a bovine strain 
of the tubercle bacillus of standard virulence indicated marked resistance in 
zebu calves while calves of Ankole (taurine cattle of African origin) and 
European breeds were found to be more susceptible (Carmichael, 1940). 
Thus, in general, increased resistance to bovine TB has been attributed to 
zebu breeds and the significance of different breed susceptibility in cattle in 
developed countries, which are almost exclusively of Bos taurus 
background, has been discounted (O'Relly and Daborn, 1995). 
In addition to breed, cattle husbandry was found to be an important factor 
affecting the intensity and distribution of the pathology of bovine 
tuberculosis as well as the strength of antigen-specific IFN-7 responses. The 
disease severity of bovine tuberculosis was significantly higher in cattle 
kept indoors at higher population density than in those kept on pasture. 
This is because as previously stated (Radostits et al., 1994), housing 
predisposes cattle to tuberculosis; the closer the animals are packed 
together the greater the chance tuberculosis is transmitted. Apart from 
physical factors like close contact facilitating the transmission of infective 
aerosols between animals, it is also possible that stress caused by over- 
crowding or nutritional differences between housed and pastured animals 
contribute to the severe disease found in housed Holstein cattle. 
Furthermore, a major difference in the lesion distribution was observed 
between animals farmed intensively and those kept on pasture under low- 
intensity management. Animals in intensive farms presented with lesions 
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predominantly in the respiratory tract, whereas digestive tract lesions 
predominated in animals kept on pasture. One could hypothesize different 
transmission routes of bovine tuberculosis depending on the methods of 
cattle husbandry: inhalation could be the most likely route of infection in 
cattle kept in-doors and pathogen ingestion as the most likely route of 
infection in cattle grazing outside on pasture. Furthermore, one could 
hypothesize that faecal excretion of bacilli leads to pasture contamination, 
contrasting with respiratory shedding of aerosolized bacilli in the case of 
cattle kept under high-intensity farming conditions with higher population 
density. However, the present study cannot provide evidence for either 
hypothesis, but rather highlights the need for further studies, for example 
of environmental sampling for tubercle bacilli to test the validity of these 
hypotheses. 
It is also possible that different pathogenic mycobacteria have tropism for 
different body systems as the predominant species found in grazing 
animals were M. tuberculosis and M. avium subspecies, whereas housed 
cattle were presented exclusively with M. bovis. However, evaluation of this 
hypothesis was beyond the scope of this thesis; but further implication of 
this finding will also be discussed in Chapter 7. 
The relationship between the pathology of bovine tuberculosis and the level 
of antigen-specific IFN-y response varied between animals kept indoors 
and on pasture. A statistically significant positive correlation was observed 
between IFN-y response to mycobacterial antigens and the pathology of 
bovine tuberculosis in cattle kept on pasture. In contrast, Holstein cattle 
kept in-house, such a positive correlation was not observed. Instead we 
found a negative trend between IFN-y responses to mycobacterial antigens 
and the pathology of bovine tuberculosis, although this negative 
relationship was not statistically significant. Interestingly, in line with our 
results observed in cattle kept on pasture, Vordermeier et al. (2002) also 
reported a significant positive correlation between IFN-y responses and the 
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pathology of bovine tuberculosis in experimentally infected calves. The 
observed contrast to our findings in relation to animals kept in-house and 
the data by Vordermeier et al. (2002) may be a reflection of different 
disease status and severity. The latter animals presented with considerably 
lower mean pathology scores compared to a proportion of the housed 
Holsteins subject our study. However, in accordance with Vordermeier et 
al. (2002), the proportion of housed Holstein cattle assessed in the present 
study with relatively low pathology scores (below 5) displayed vigorous 
IFN-, y responses, and consequently the responses overall across the housed 
group were higher compared to the group of Holsteins kept on pasture. In 
addition, the proportion of the animals kept in-house that presented with 
more severe disease/higher pathology scores displayed lower IFN-, y 
responses than the animals kept on pasture and the lesions of these 
pastured Holstein cattle were relatively mild or contained. These latter 
findings are therefore more in line with other studies that described 
changes in the nature of the immune responses with disease progression; 
from a dominant Thi-type response at early stages of diseases towards B- 
cell antibody production and lower T-cell responses at more progressive 
disease stages (Jirillo et al., 1989; Kaufman, 199o; Boussiotis et al., 2000; 
Dlugovitzky et al., 2000; Cassidy et al., 2ool; Hope et al., 2005), or a 
positive correlation with antibody responses with pathology (Ritacco et al., 
1991; Lightbody et al., 1998; Welsh et al., 2005). A consequence of lower 
CMI responses in animals with severe disease could be their escape from 
CMI-based tests like the IFN-, y test. However, our study was not aimed at 
assessing such 'anergic' animals as all animals studied tested skin test 
positive. Consequently, no negative relationship between skin test 
responses and pathology could be observed. Defining the epidemiological 
significance of the observed lower IFN-7 responses in cattle with higher 
pathology scores in respect to this resulting in animals escaping diagnosis 
needs to be subject of future large-scale studies. 
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The frequency and severity of the lesion in grazing cattle was higher in the 
mesenteric lymph node than the thoracic lymph nodes. This result differed 
from the reports of previous studies, which reported go% of TB lesion in 
the respiratory system in developed countries (Stamp, 1940; Francis, 1958; 
Francis, 1972; Lepper and Pearon, 1989; Corner, 1994; Neill et al., 1994b; 
McLeod et al., 1995; Collins, 1996; Whipple et al., 1996). In another study 
conducted on 2,886 cattle, 57% had lesion in the thoracic cavity while only 
3% had lesions solely in the mesenteric lymph node (Neill et al., 1994b). 
However, these studies were conducted in developed countries with 
different, and in most cases more intensive, husbandry systems. Therefore, 
respiratory excretion and inhalation of M. bovis is considered the main 
route by which cattle-to-cattle transmission occurs in developed countries 
(Francis, 1958). The isolation of loo% M. bovis from cattle kept indoor in 
the present study suggests the respiratory route as the main means of 
transmission of M. bovis in cattle kept indoor. 
On the other hand, in cattle kept on pasture, the result of the present study 
could suggest that shedding of Mycobacteria including M. tuberculosis and 
M. avium subspecies in the feces and ingestion of the bacilli with 
contaminated pasture/water may be the main route of transmission in 
cattle kept on pasture as the mesenteric lymph node was found to be the 
main lesioned site. Nevertheless, in developed countries, shedding of M. 
bovis in urine and feces is considered to be an insignificant feature of 
disease transmission in cattle (Hardie and Watson, 1992). 
In conclusion, the results of this study indicated that IFN-y responses to 
mycobacterial antigens were higher in Holsteins as compared to in zebu as 
well as in Holsteins kept indoors as compared to Holsteins kept on pasture. 
Similarly, when kept on pasture, the severity of pathology of bovine TB was 
significantly higher in Holsteins than in zebus under identical 
management. The severity of pathology of bovine TB was significantly 
higher in Holsteins kept indoors as compared to those kept on pasture. The 
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possible reasons for the lower IFN-, y responses in zebus could be: 1) 
differences in antigen repertoire between Holsteins and zebus, 2) the 
presence of greater activities of regulatory T cells (T reg) in zebus as 
compared to their activities in Holsteins. On other hand, the lower IFN-'Y 
responses in Holsteins on pasture as compared to Holsteins kept indoors 
could be 1) due to concomitant parasitic infections in grazing Holsteins or 
2) the lower severity of pathology in Holsteins kept on pasture as compared 
to Holsteins kept indoors. These hypotheses were addressed in Chapter 6. 
To investigate for the existence repertoire difference between Holsteins and 
zebus, peripheral blood mononuclear (PBMC) and immunoglobulins from 
the two breeds were investigated for their specificities and patterns of 
response to different mycobacterial antigens. In order to estimate the 
activity of T reg cells, which could reduce pathology, IL-1o was measured in 
the two breeds. For the assessment of concomitant infections, serology for 
fasciolosis and paratuberculosis were performed. 
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Chapter 6 
Causes of variations in IFN-y responses to 
mycobacterial antigens in grazing Arsi Zebus and 
Holsteins in central Ethiopia 
6.1. Summary 
A comparative study was conducted to investigate the antigen specificity of the T- 
cells and antibodies in a subset of Holstein and Arsi cattle kept on pasture. 
ELISPOT, IFN-, y and interleukin (IL)-lo assays, MAPIA were used to evaluate the 
responses. The T cell responses were generally low and comparable in both 
Holsteins and Arsi. In both breeds, stronger T cells responses were observed to 
Hsp65- Similarly, serum antibody recognition profiles from both breeds were also 
similar; MPB83 being sero-dominant in both breeds. Furthermore, comparable 
IL-1o responses were recorded in the two breeds following mitogen and PPD-B 
stimulation. Fasciola antibody was detected in 81% of the randomly sampled 
grazing study animals, and the frequency of occurrence of Fasciola antibody was 
similar in both breeds. In addition, a large proportion of the Ethiopian housed 
Holstein cattle (about 65%) also tested Fasciola sero-positive. On top of this, 4% Of 
the randomly selected study animals had antibody against M. avium subsp. 
para tuberculosis. Similarly, the frequency of occurrence of antibody against M. 
avium subsp. paratuberculosis was comparable in the two breeds. Compared to 
the Ethiopian cattle, cattle in the United Kingdom exhibited significantly higher 
IFN-7 responses to Mycobacterial antigens and lower frequency of Fasciola sero- 
positivity. Hence it had been postulated that the lower T cell responses in both 
breeds of Ethiopian cattle could be attributed to the co-infection with Fasciola 
leading to Th2 biased responses. However, this could not be substantiated as low 
IL-4 responses were detected after stimulation of blood with mycobacterial or 
Fasciola antigen. Therefore, this observation of low CMI in grazing Ethiopian 
cattle needs further investigation. 
Key words: Antibody response, T cell response, Bos indicus, Bos taurus, 
mycobacterial antigen 
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6.2. Introduction 
The data in Chapter 5 indicated that IFN-7 responses to mycobacterial 
antigens were higher in Holsteins as compared to responses in zebu. 
Ranges of factors such as breed, husbandry (Chapter 5, Ameni et al., 
2007a), age as well as presence of inter-current infections, and possibly the 
virulence of a particular strain of M. bovis could influence the immune 
responses to mycobacterial infections and the performance of diagnostic 
reagents. Thus, the possible reasons for the lower IFN-7 responses in zebus 
could be due to differences in antigen repertoire between Holsteins and 
zebus, or the presence of greater activities of regulatory T cells in zebus as 
compared to their activities in Holsteins. Studies in both humans and mice 
have also shown that the immune response to particular mycobacterial 
antigens varies with the genetic background of the individuals involved 
(Ivanyi and Sharp, 1986; Bothamley et al., 1989). Furthermore, the results 
of Chapter 5 have shown higher IFN-, y responses to mycobacterial antigens 
in Holsteins kept indoors as compared to Holsteins kept on pasture. The 
lower IFN-, y responses in Holsteins on pasture as compared to Holsteins 
kept indoors could be due to the presence of concomitant parasitic 
infections in grazing Holsteins, or due to the lower severity of pathology in 
Holsteins kept on pasture as compared to Holsteins kept indoors (Chapter 
5). Some of these hypotheses will be addressed in this Chapter. Thus, to 
investigate for the existence repertoire difference between Holsteins and 
zebus, peripheral blood mononuclear (PBMC) and immunoglobulins from 
the two breeds were investigated for their specificities and patterns of 
responses to different mycobacterial antigens. In order to assess the anti- 
inflammatory response of T cells, which could reduce pathology, ILlo was 
measured in the two breeds. For the assessment of concomitant infections, 
serology for fasciolosis and paratuberculosis were performed. 
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6.3. Results 
6.3-IL- Mycobacterial epitope recognition patterns of T-cells in 
grazing Arsi zebu and Holsteins 
Peripheral blood mononuclear cells (PBMC) were prepared from blood 
samples collected from 27 skin test positive Arsi zebus (n=13) and 
Holsteins (n=14). ELISPOT analysis was performed for the assessment of 
the specificities and intensity of IFN-y producing T cell in response to 
defined mycobacterial antigens. Figure 6.1 shows T cell specificities in 
recognizing mycobacterial antigens. The most prominently recognized 
antigen was Hsp65 followed by 19kDa, Rv3879c, MPB83, and Ag85A. 
When responses were stratified according to breed (Figure 6.2), it became 
evident that both breeds recognized the antigens studied at comparable 
frequencies. Therefore, differences in T cell responses between these two 
breeds are unlikely to account for the observed lower IFN-y response in 
Arsi zebu (Chapter 5)- 
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Figure 6.1. Comparative intradermal tuberculin test positive cattle exhibiting T cell 
response to mycobacterial antigens through secreting IFN-y producing T cells. 
Enzyme immunospot assay (ELISPOT) was used for the assessment of IFN-y producing T 
cell in response to novel mycobacterial antigens in 27 cattle. Twenty-three mycobacterial 
antigens were used to assess the response, and higher responses were observed against 
heat-shock protein 65 (Hsp65) followed by Rv116q, MPB83,19kDa, ACr2, and Ag85A. 
Horizontal line=cut-off for Positivity (20 SFC/million) 
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6.3.2. Mycobacterial epitope recognition patterns of antibodies 
in grazing Arsi zebu and Holstein 
In order to investigate potential differences in antibody repertoire between 
Arsi zebu and Holsteins cattle, MAPIA analysis was performed. As 
observed in Figure 6.3, both skin test- positive Holstein and zebu 
exhibited similar antibody recognition profiles; MPB83 being sero- 
dominant in both breeds (12/16 sera tested positive for this antigen). As 
the 16kDa (Acri) was not recognized on its own, we conclude that the 
responses were directed against MPB83- MPB83 and the cross-reactive 
antigen MPB7o are also frequently recognised confirming that these 
antigens are sero-dominant. 
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Figure 6.3. Antigen recognition pattern by antibody from Holsteins and zebus kept on 
pasture homogenously. 
Serological reactivity to mycobacterial antigens was determined by MAPIA for 
the two breeds using serum samples collected from skin test positive Arsi and 
Holestin cows. Antigens are indicated on the right margin while the numbers on 
the bottom indicate sera from individual animal (eight animals from each breed). 
M. bovis culture filtrate (MBCF) and 16 kDa alpha-crystallin/MPB83 fusion 
proteins (16/83) were sero-dominant antigens in both breeds. E6P1o refers to the 
ESAT6: CFPlo fusion protein; PPDb refers to M. bovis PPD. 
6-3-3. IL-io responses to mycobacterial antigens in zebu and 
Holsteins 
A c! some subset of the T regulatory cells, as well as, Thi and Th2 cells with ., 11.0 
self-regulating potential have been described to producing IL-1o, thereby 
reducing IFN-7 responses, it was decided to assess this cytokine in 
Holstein and Arsi zebus. Figure 6.4 shows IL- 1o responses to PPD- B and 
mitogen stimulation in Holsteins and Arsi zebus. The levels of IL-1o 
responses were comparable in both Holsteins and Arsi zebus. It was, 
therefore, concluded that IL-1o secreting T cell subsets did not account for 
the observed low IFN-y response in the Arsi zebus. 
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Figure 6-4. IL-1o responses in Holsteins and zebus. 
Bovine purified protein derivative (PPDB) and mitogen (SEB) were used for stimulation 
of whole blood from skin test positive animals. After incubation for 48h, the supernatant 
was collected and used for IFN-y and IL-1o assays. The intensity of IL-1o did not differ 
between the two breeds 
6-3-4. Co-infection with Fasciola hepatica 
The lower IFN-, y responses in Holsteins on pasture as compared to 
Holsteins kept indoors could be due to concomitant parasitic infections in 
grazing cattle. Fasciola hepatica sero-prevalence was investigated in 
randomly selected 294 (67 skin test positives and 196 skin test negative 
collected from grazing cattle, and 31 skin-test positive housed cattle kept 
under high intensity husbandary conditions) Ethiopian cattle. Sera 
samples were submitted to the Veterinary Laboratories Agency (VLA) for 
the examination for the presence of antibodies against Fasciolosis using 
enzyme-linked immunosorbent assay. The results are presented in Table 
6.1; Fasciola antibody was detected in 8o% of grazing and 64.5% of housed 
Ethiopian cattle. However, for the UK cattle a sero-prevalence of only 3% 
in the UK cattle was recorded (Table 6.1). 
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Table 6.1. Results of antibodies tests for Fasciola in randomly selected cattle 
in central Ethiopia and the United Kingdom. 
Type of co-infection Husbandr Breed No. No. (%) Inconclusi 
y examin Positive ve M 
ed 
Fasciolosis (Ethiopia) Grazing Holstein (Bos taurus) 159 131(82-4) 9(5-7) 
Fasciolosis (Ethiopia) Grazing Arsi zebu (Bos indicus) 104 82(78.8) 13(12.5) 
Fasciolosis (Ethiopia) Housed Bos taurus 31 20(64-5) 5(16.1) 
Fasciolosis (UK) Housed Different Bos taurus 100 3(3-0) 2(2) 
6.3-5. IL-4 response to mycobacterial and Fasciola antigens 
As helminthic infections have been shown to induce Th2 responses, which 
could be responsible for down-modulating IFN-y secretion, we next 
studied the production of IL-4 after stimulation with mycobacterial 
(PPDB, ESAT6/CFPlo) and Fasciola hepatica antigens. However, neither 
antigen preparations induced IL-4 either in grazing Arsi (n=13 ) or in 
grazing Holstein Ethiopian cattle (n=14) (data not shown), and therefore, 
the immunological explanation for the low IFN-y responses in grazing 
cattle in Ethiopia remains unanswered. 
6.4. Discussion 
In Chapter 5, it was demonstrated that IFN-7 responses to mycobacterial 
antigens were higher in Holsteins compared to zebus kept under identical 
cattle management. Further, the severity of pathology of bovine TB was 
higher in Holstein than in zebus. We hypothesized that possible 
explanations for these observesions could be differences in the antigen 
repertoires between Holsteins and zebus, or greater regulatory cytokine 
activity impacting on Thi responses in zebus as compared to Holsteins. 
Both T cell and antibody specificities were assessed in the two cattle types 
using samples from animals that were kept identically on pasture by 
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traditional farmers. In the ELISPOT assay, both Holsteins and zebus 
exhibited similar T cell specificities; a higher response of IFN-'y secreting 
T-cells was observed to Hsp65 in both breeds suggesting the potential 
application of this antigen for the subunit immunization of zebu in a 
similar way as that of Holsteins. Previous studies (Vordermeier et al., 
2003) indicated that vaccination of calves with Hsp65 resulted in 
enhancement of lymphocyte proliferation following stimulation with 
Hsp65. The same workers have reported that PBMC from unvaccinated 
calves neither proliferate nor release IFN-y following in vitro stimulation 
with Hsp65. However, Hsp65 is a ubiquitously expressed antigen across 
the genus Mycobacterium, resulting in cross-reactivity. Therefore, the 
strong response to this antigen could be due to cross-reactivity with 
homologous proteins from environmental mycobacteria. Interestingly, 
sero-prevalence to M. avium paratuberculosis was low 48%) suggesting 
that Johne's disease is unlikely to be the cause for the cross-reactivity to 
hsp65- 
In addition, IL-1o responses to mycobacterial antigens were measured in 
the two breeds. The results indicated comparable responses of IL-1o to 
mycobacterial antigens in both zebu and Holstein breeds. IL-1o is an anti- 
inflammatory cytokine that modulates Thi-type cytokine production 
(Furukawa et al., 1999). It blocks the synthesis of macrophage-derived 
cytokines including IL-1p, IL-12 and tumor necrosis factor-(x (TNF-(x), and 
reduces macrophage cytotoxic activity and nitric oxide production 
(Fiorentino et al., 1991). Thus, it indirectly reduces helper T cell type 1 
(Thi) differentiation by blocking macrophage IL-12 synthesis (Abbas et 
al., 1996). In lymphocyte cultures, IL-1o can also directly inhibit T cell 
proliferation and the production of the Thi type cytokines, IL-2 and IFN-'Y, 
mediators that initiate/or regulate a delayed type hypersensitivity 
response (Taga and Tosato, 1992). In addition to regulating macrophage 
cytokines production, IL-1o inhibits T cell activation by decreasing antigen 
presentation by macrophages via suppression of major histocompatability 
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complex (MHC) class II (MHC II) expression (de Waal Malefyt et al., 
1991). 
Comparable recognition of mycobacterial antigens by antibodies from 
both Holstein and zebu breeds was observed. M. bovis culture filtrate 
(MBCF) and 16kDa alpha-crystallin /MPB83 fusion protein (16/83) were 
the sero-dominant antigens in both breeds. As the 16 kDa antigen was not 
recognized by antibodies in this study, we conclude that the responses are 
directed towards MPB83, with the fusion protein enhancing binding or 
exposing epitopes that are not available after binding of MPB83 alone to 
the MAPIA membranes. MBCF is a complex mixture of proteins and 
lipids, principal proteins component of which are MPB7o and MPB83- 
MPB70 is a secreted antigen of M. bovis with high sequence homology 
with MPB83 (Fifis et al., 1991; Hewinson et al., 1996). MPB70, ESAT-6 
and CFP-lo, were less frequently recognized by both breeds. Previous 
study (Waters et al., 2oo6) has also reported the sero-dominance of 
MPB83 antigen in cattle infected with M. bovis experimentally. Waters et 
al. (2oo6) further reported increment of the intensity of the antibody 
response to these antigens over time after inoculation of M. bovis. 
Similarly, in badger study, MBCF and MPB83 were the most frequently 
recognized antigens during infection with M. bovis (Greenwald et al., 
2003). 
The other finding in Chapter 5 was the lower IFN-, y responses to 
mycobacterial antigens in Holstein that were kept on pasture as compared 
to those kept indoors. We hypothesized that coinfection with helminth 
parasites in grazing cattle could result in a Th2 bias response, which could 
down-modulate IFN-y production (Flynn et al., 2007). In our study, we 
found 8o% (n=263) Fasciola hepatica sero-prevalence in grazing cattle, 
but also of about 65% in housed cattle. Fasciola infection could result in 
polarization of the host's immune response and generation of type 2 
helper (Th2) immune responses, which are known to be inhibitory to Thi 
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response on the basis of which the correct diagnosis of bovine TB is made 
(Flynn et al., 2007) and it has been reported that the predictive capacity of 
diagnostic tests such as IFN-, y and CIDT is compromised in animals co- 
infected with Fasciola hepatica and M. bovis (Flynn et al., 2007). 
However, in our study, IL-4 was not induced either after stimulation with 
mycobacterial or Fasciola hepatica antigens, and therefore an enhanced 
TH2 bias due to prevalent helminthic infections as cause of the reduced 
IFN-, y responses could not be substantiated. 
In conclusion, neither difference in antigenic repertoire responses nor 
increased responses of anti-inflammatory cytokines like IL-1o and IL-4 
could account for the low IFN-, y responses in Arsi zebu compared to 
Holstein cattle. An alternative hypothesis could be that the higher IFN-7 
responses to mycobacterial antigens in Holsteins could be attributed to the 
more severe pathology of bovine TB in Holsteins as a positive correlation 
has been reported between the intensity of IFN-y responses to 
mycobacterial antigens and severity of pathology of bovine TB under 
experimental conditions (Vordermeier et al., 2002). Furthermore, higher 
Fasciola sero-prevalence was found in grazing cattle compared to housed 
animals which could result in Th2 biased response in grazing cattle 
thereby reducing IFN-y responses. However, more detailed studies 
considering other potential hypothesis explaining the differences in 
mycobcaterial anigen-specific IFN-, y responses in Holstein and Arsi zebu 
cattle are needed. 
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Chapter 7 
Molecular characterization of mycobacteria isolated 
from cattle and humans in Selalle, central Ethiopia 
7.1. Summary 
In this Chapter, the isolates obtained from tuberculous lesions of cattle 
(Chapter 3) were identified at species and strain levels using molecular 
typing methods. Furthermore, isolates that were obtained from randomly 
selected human TB patients were characterized. Polymerase chain reaction 
(PCR) based methods including multiplex PCR, PCR based on the region 
of difference (RD) including RD4, RD9, and RDio, mycobacterial genus 
typing (Hain typing), and 16S rRNA sequencing were applied. In grazing 
cattle, of the 40 isolates identified as mycobacteria, 12 (30%) were M. 
tuberculosis, 7 (17.1%) were A avium subspecies, 3 (7.3%) were M. 
arupense, 3 (7.3%) were M. vaccae, 2 (5-0%) were M. gordonae while only 
a single isolate was identified for each of M. bovis, M. holsaticum, M. 
elephantis, or M. gordonae strain tropicalis. In cattle kept under intensive 
husbandry, all the isolates (41) were confirmed as M. bovis and had an 
identical spoligotype pattern, which had not been reported previously 
elsewhere. The new spoligotype pattern was registered in the M. bovis 
database (www. mbovis. org) and given the reference number of SB1176. 
Spoligotype patterns of M. tuberculosis isolated from cattle were similar 
with the spoligotype patterns of M. tuberculosis isolated from humans in 
the area. One possible means of transmission of M. tuberculosis from 
humans to cattle could be the habit of discharging of "Tobacco Juice" from 
the oral cavity of the farmer directly into the oral cavity of cattle, which is 
widely practiced by the Oromo farmers in central Ethiopia. To prove this 
hypothesis, further large-scale investigation is required. 
Key words: Molecular typing, pathogenic mycobacteria, cattle, central Ethiopia 
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7.2. Introduction 
Mycobacterium tuberculosis (M. tuberculosis) complex consists of seven 
species and subspecies including M. tuberculosis, M. canettii, M. 
afticanum, M. pinnipedii, M. microti, M. caprae, and M. bovis (Smith et 
al., 2oo6a). These species cause similar pathologies in various mammalian 
hosts, and many of them show specific host association (Smith et al., 
2oo6a). Despite the different host tropisms, the M. tuberculosis complex 
is characterized by 99.9% or greater similarity at the nucleotide level, and 
by the virtually identical sequence of the 16S rRNA gene (Sreevatsan et al, 
1997; Brosch et al., 2002; Huard et al., 2003). The close sequence 
similarity of these species cannot be overemphasized; the sequence 
divergence between M. tuberculosis and M. bovis is less than 0.05% 
(Garnier et al., 2003), imposing difficulties in diagnosis as differentiation 
between the strains of these species requires careful testing. However, the 
wealth of information contained within the genome sequence of M. 
tuberculosis H37Rv (Cole et al., 1998) allowed us to understand the 
existing genetic variations between the species. A comparative study of M. 
bovis and M. bovis BCG using genomic subtractive hybridization showed 
that three regions, designated RD1, RD2, and RD3, are deleted in M. bovis 
BCG relative to M. bovis (Mahairas et al., 1996). A similar study of 
genomic difference between M. bovis, M. bovis BCG and M. tuberculosis 
showed the existence of several polymorphic loci among these strains 
(Philipp et al., 1996, Brosch et al., 2002). Genome-wide analysis (Gordon 
et al., 1999) revealed lo regions of difference (RD) that appeared to be 
absent in BCG relative to M. tuberculosis. Hybridization with M. bovis 
genomic DNA revealed that seven of these loci were also deleted in M. 
bovis (Gordon et al., 1999). The seven M. bovisIBCG deletions were 
designated RD4, RD5, RD6, RD7, RD8, RD9, and RDio (Gordon et al., 
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1999). RD4 is a 12-7 kb genetic segment that is deleted from M. bovis and 
BCG (Brosch et al., 2002); but present in M. afticanum, M. microti, and 
in M. tuberculosis (Gordon et al., 1999). RD5 is 8964 bp in size, and in 
addition to M. bovis and BCG, it is also deleted from M. microti (Gordon 
et al., 1999). RD6 designates the location of insertion sequence IS1532, 
which is missing from M. bovis, BCG, and M. microti (Gordon et al., 
1999). RD7 was first described by Mahairas et al. (1996), and PCR analysis 
revealed its absence from the genomic DNA of M. bovis, M. bovis BCG, 
and M. microti. Similarly, RD8 is also deleted from wild-type M. bovis and 
M. microti (Gordon et al., 1999). RD9 is a 203obp gene segment of M. 
tuberculosis, and PCR analysis using flanking primers revealed that RD9 
is absent in M. bovis, M. microti and M. afticanum (Gordon et al., 1999). 
Hence, in contrast to the other RD regions, M. afticanum resembles M. 
bovis in the RD9 locus; reflecting the intermediate status of M. afticanum 
between M. bovis and M. tuberculosis (Heifets and Good, 1994). 
Therefore, PCR analysis on the basis of RD regions has been found to be 
an important differentiating tool between the different members of the M. 
tuberculosis complex. 
Besides differentiating species of M. tuberculosis complex, differentiation 
of cultured strains of the M. tuberculosis complex from atypical 
mycobacteria is necessary for the control of tuberculosis in both humans 
and animals (Yeboah-manu et al., 2001). In this study, skin test, post 
mortem examination, and bacteriology indicated the presence of 
mycobacteria in the tissues of cattle slaughtered in central Ethiopia. 
Definitive identification of the isolates was, therefore, necessary and best 
performed by application of molecular techniques. The prevalence of non- 
specific reactors in the study area (Chapter 6, Ameni et al., 2007a) could 
suggest the widespread occurrence of M. avium subspecies in the area. 
Thus, definitive identification of the isolates was required and it involved 
the application of different molecular techniques. Differentiation of 
members of M. tuberculosis complex from atypical mycobacteria is the 
initial stage of diagnosis tuberculosis both in humans and animals in 
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developing countries like Ethiopia, where atypical mycobacteria are 
expected to prevail in the environment and hosts. Geno-typing has been 
used for the differentiation of mycobacteria into different groups (Witton 
and Cousins, 1992). In addition, 16S rRNA sequencing and HAIN typing 
were used to identify the isolates while further differentiation of M. 
tuberculosis complex was made by RD4, RDio, and RD9 typing. The 
strains of M. tuberculosis complex were further identified by using 
spoligotyping. 
7.3. Results 
7.3-1- Multiplex PCR for mycobacterial geno-typing 
Figure 7.1 shows the result of multiplex PCR for isolates obtained from 
cattle tissues. PCR products indicating presence of the genus 
Mycobacterium were detected in 40 isolates; 33% (13/40) of which were 
positive for M. tuberculosis complex while 17.5% (7/40) were positive for 
M. avium subspecies (Table 7-1)- 
Figure 7.1. Electrophoretic separation of products of multiplex PCR typing of 
mycobacteria isolated from lymph node lesions of cattle. 
In both A and B, Lane 20, loobp DNA ladder; Lane 19, genus Mycobacterium and M. 
intracellulare positive control; Lane 18, M. avium positive control; Lane 17, water 
(negative control), Lane 16, positive for M. tuberculosis. A) Lanes 1-2,5,7,9-10,14-15 
were positive for the genus Mycobacterium and M. tuberculosis complex while Lane 12 
was positive to M. tuberculosis complex. B) Lanes 1,5-7,9-10,14-15, were positive only 
for the genus Mycobacteriurn but neither to M. tuberculosis complex nor to M. aviurn 
subspecies. 
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Table 7.1. The result of multiplex PCR Of 50 isolates obtained from tissues 
lesions in cattle grazing cattle tissues in central Ethiopia. 
Type of positivity Positive 
Genus Mycobacterium 40 
Mycobacterium intracellulare 0 
Mycobacterium avium complex 7 
Mycobacterium tuberculosis complex 13 
Negative for the genus Mycobacterium 10 
* Mýycobacterium tuberculosis complex and Mycobacterium avium complex are included 
7.3.2. RD4 deletion typing 
The PCR reaction gave a product size Of 335bp for 12 isolates (Figure 7.2) 
indicating the presence of RD4 and hence the isolates could be either M. 
tuberculosis or M. africanum, later confirmed to be M. tuberculosis. A 
product size Of 446bp was produced for only one isolate indicating the 
absence Of RN and therefore was confirmed to be M. bovis. 
Figure 7.2. Electrophoretic separation of PCR products by RD4 deletion typing of 
mycobacteria isolated from lymph node lesions of cattle. 
Lane 20, loobp DNA ladder; Lane 19,2122/97, positive control for M. bovis; Lane 18, 
water (negative control). Lane 17, H37Rv, positive control for M. tuberculosis and/or M. 
afticanum, Lanes 1-16, unknown samples. Lanes 1,3,6,8-12,14-16 were negative for M. 
bovis but positive either for M. tuberculosis or M. afticanum. Lane 4 was positive for M. 
bovis 
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7.3-3. RD9 deletion typing 
A PCR product size Of 1.421kb was observed in 12 isolates (data not 
shown) indicating the presence of RD9 and suggesting that the isolates 
were M. tuberculosis while a product size Of 472bp was produced for only 
one isolate showing the absence of RD9. This isolate was previously 
confirmed to be M. bovis by RD4 deletion typing. 
7.3-4. RDio deletion typing 
A PCR product size Of 3o8bp produced for 12 of the 40 isolates indicated 
the presence of RD10 (Figure 7-3), and confirmed that the isolates were M. 
tuberculosis and not M. africanum while a product size Of 202bp 
produced for only one isolate showing the absence RDio and thus this 
isolate could be either M. africanun or M. bovis. However, the strain was 
confirmed to be M. bovis by RD4 deletion typing. 
1500bp 
500bp 
Figure 7.3. Electrophoretic separation of PCR products by RDio typing of mycobacteria 
isolated from lymph node lesions of cattle. 
Lane 20, loobp DNA ladder; Lane 19,2122/97 strain (positive control for M. bovis); 
Lane 18, water (negative control); Lane 17, H37Rv (positive control for M. tuberculosis or 
M. afficanum), Lanes 1-16, unknown samples. Lanes 1,3,6-12,14-16 were positive for 
either M. tuberculosis, Lane 4 was M. bovis 
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7.3-5. GenoTypeg Mycobacterium CM/AS 
To further differentiate the mycobacteria that have shown marker by 
multiplex PCR, 22 isolates were tested using the GenoTypee 
Mycobacterium CM/AS test kit (Figure 7-4). Fifteen of these isolates could 
not be identified at species level but were re-confirmed to be members of 
the genus Mycobacterium. However, of the remaining seven isolates, five 
were identified as GC-rich Gram positive bacteria and two were M. 
gordonae. 
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7.3.6.16S rRNA sequencing 
Of the 15 mycobacterial species which could not be identified by the 
GenoType@ Mycobacterium CM/AS, lo were subjected to 16S rRNA 
sequencing. In addition, 5 GC-rich Gram positive bacteria were sequenced. 
Six of the lo species were Mycobacterium arupense (3) and Mycobacterium 
vaccae (3) while 3 of the 5 GC-rich Gram positive bacteria were 
Corynebacterial species. The summary of all the isolates obtained tuberculous 
lesions of grazing and housed cattle was indicated in Table 7.2. 
7.3.7. Mycobacteria and GC-rich Gram-positive bacteria isolated 
from tuberculous lesions of cattle 
Table 7.2 shows the mycobacterial species and GC-rich Gram positive isolated 
from tuberculous lesions in cattle. All the 41 isolates obtained from cattle in 
intensive dairy farm were M. bovis while 30% (12/4o) and 17.5 (7/40) Of 
mycobacterial species isolated from cattle grazing in the field were M. 
tuberculosis and M. avium complex species, respectively. While only isolate 
obtained from grazing cattle was M. bovis. 
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Table 7.2. Mycobacteria and GC-rich Gram positive bacteria isolated 
from tuberculous lesions of cattle in central Ethiopia 
Name of isolate Source Number 
Mycobacterium bovis Government Farm 41 
(intensive husbandry) 
Mycobacterium bovis Grazing cattle 
Mycobacterium tuberculosis Grazing cattle 12 
Mycobacterium avium Grazing cattle 7 
subspecies 
Mycobacterium gordonae Grazing cattle 2 
Mycobacterium arupense Grazing cattle 3 
Mycobacterium vaccae Grazing cattle 3 
Mycobacterium holsaticum Grazing cattle 1 
Mycobacterium elephantis Grazing cattle 1 
Mycobacterium gordonae Grazing cattle 1 
strain tropicalis 
Corynebacterial species Grazing cattle 3 
Microbacterium species Grazing cattle 1 
Arthrobacter luteolus Grazing cattle 1 
GC-rich Gram positive bacteria Grazing cattle 4 
Total 81 
Figure 7.5 shows the sites where the M. tuberculosis strains isolated from 
cattle tissues and human TB patients. Degem and Wuchale districts were 
used for cattle studies, and M. tuberculosis were isolated from skin test 
positive cattle obtained from these districts. Fiche Hospital is a referral 
hospital for the 12 districts of Selalle, and was used for the isolation of M. 
tuberculosis from randomly selected TB patients visiting Fiche Hospital. 
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Ethiopia 
Figure 7-5. Sites where M. tuberculosis were isolated from cattle tissues and TB patients. 
Fiche Hospital is the centre for the diagnosis of human TB cases in Selalle 
7.3.8. Spoligotype patterns of M. tuberculosis and M. bovis 
isolated from cattle tissues 
Figures 7.6 and 7.7 show the spoligotype pattens of mycobacterial isolates 
obtained from cattle and randomly selected tuberculous farmers. Both M. 
tuberculosis and M. bovis strains were isolated from tuberculosis lesions of 
cattle in central Ethiopia. SB1176 represents spoligotype pattern Of 41 isolates 
Of 17 skin test positive dairy cows obtained from the intensive dairy farm 
(Holeta Farm) while 343Br was M. bovis strain was isolated from a single 
skin test positive cow from a grazing cow in Selalle, and this strain has lost 
same spacer as compared to SB1176. The 12 M. tuberculosis isolates obtained 
from cattle tissues were classified into three clusters; the largest cluster 
consisting of six isolates while the smallest cluster was a single isolate. The lo 
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M. tuberculosis isolates obtained from farmers were grouped into five 
clusters, the largest cluster consisting of three isolates while the smallest 
cluster consisting of only a single isolate (Figure 7.7). 
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7.4. Discussion 
Bovine TB caused by M. bovis is a significant veterinary disease that can 
occasionally spread to spread to humans while M. tuberculosis is considered 
as human pathogen. Apart from humans, M. tuberculosis infection has been 
reported in wide range of domestic and wildlife animal species, most 
frequently living in close, prolonged contact with humans (Steele, 198o; 
Aranaz et al., 1999; Montali et al., 2001; Oh et al., 2002; Alfonso et al., 
2004). Among domestic animals, infection with M. tuberculosis has been 
most frequently identified in cattle (Steele, 198o; Thoen et al., 1981). 
Similarly, the results of this study showed the isolation of M. tuberculosis 
from tuberculous lesions of grazing cattle. Furthermore, the results of the 
previous studies reported the isolation of M. tuberculosis milk of skin test 
positive cows (Ameni and AklilU 2007; Regassa et al., 2007). According to 
previous reports, the prevalence of M. tuberculosis infection in cattle herds 
did not exceed 1% in the majority of the cases (Popluhar et al., 1974; Smith, 
1984; Pavlik et al., 2003; Ocepek et al., 20040. However, in Algeria and 
Sudan prevalences of 6.2% and 7.4%, have been reported, respectively 
(Boulahbal et al., 1978; Sulieman and Hamid, 2002). Humans suffering from 
active TB are strongly believed to represent the main source of M. 
tuberculosis in animals (Thoen et al., 1981). Animal attendants with active 
pulmonary TB represent an active source of M. tuberculosis for animals, 
spreading Mycobacterium via sputum, urine, or feces (Thoen et al., 1981). In 
our case, the proportion of M. tuberculosis isolated from cattle was 30% (12 
isolates out of the 40 isolates). Following this observation, besides the above 
mentioned means of transmission we found the existence of a unique habit 
among farmers in this area of Ethiopia, which could possibly facilitate the 
transmission of M. tuberculosis from farmers to cattle. This habit involves 
chewing of tobacco by the farmers, and discharging its juice directly into the 
oral cavity of cattle. Farmers in this area believe that tobacco juice fattens 
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their cattle, and can also be used as a treatment of diseases. Both farmers and 
their cattle are habituated to this behavior. Once the cattle are accustomed to 
the feeding of a tobacco juice from the mouth of their owners, they express 
their desire for tobacco juice by running after their owners (Figure 7.8A) 
and/or bellowing when they see them. This habit of feeding tobacco juice to 
cattle leads to mouth-to-mouth contact between farmers and their cattle 
(Figure 7.8B), thereby facilitating the transmission of mycobacteria either 
way. The feeding of the tobacco juice is not affiliated to certain cattle breed 
but accustomed by both zebu (Figure 7.8A) and Holsteins (Figure 7.8C) or 
and crosses between zebu and Holsteins. 
Figure 7.8. A farmer discharging Tobacco Juice directly into the oral cavity of his cattle. 
A possible means of transmission of M. tuberculosis from farmers to cattle. Discharging 
Tobacco Juice into the oral cavity of cattle is a common practice among farmers in central 
Ethiopia. Both the farmer and his/her cattle are habituated to this practice- 7.8A) Zebu ox 
looking for a Tobacco Juice from his owner on its own (willingness) as it is habituated to the 
practice, 7.8B) A farmer directly discharging a tobacco juice into the oral cavity of his ox, 
7-8Q Holstein cattle licking the mouth of his owner after receiving a Tobacco Juice: both 
Zebu and Holstein are habituated to tobacco feeding. in central Ethiopia 
Most of the isolates of M. tuberculosis were recovered from lesions in the 
mesenteric and retropharyngeal lymph nodes and these lesions were milder 
as compared to the lesions caused by M. bovis (Chapter 6). The tobacco juice 
is made in the oral cavity of a farmer by saliva, which presumably can be 
mixed with sputum. If a farmer suffers from TB, the tobacco juice can be 
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contaminated with M. tuberculosis. And thus infect cattle which are fed on 
this tobacco juice. That route of infection of cattle is predominantly ingestion 
is supported by our findings of post mortem lesions in the retropharyngeal 
and mesenteric lymph nodes of these animals. The habit of tobacco feeding to 
cattle is widely practiced by Oromo farmers, and may be a significant risk 
factor for the transmission M. tuberculosis from farmers to cattle. 
To further prove or disprove this hypothesis, further investigation is required 
including the isolation of M. tuberculosis from the tobacco juice, which is 
ready to be discharged into the oral cavity of cattle, and obtained from the 
oral cavity of a farmer. If this hypothesis is proved to be correct, the Oromo 
herds in Selalle are in great risk, as the incidence of human TB is rising 
among Ethiopian farmers. 
From this hypothetical path of transmission of M. tuberculosis, it can be 
further hypothesized that the prevailing M. tuberculosis lymphadenitis in 
rural communities of Ethiopia could arise from cattle products, which are 
infected with M. tuberculosis. In recent years, it has been observed that there 
is a persistent rise in the incidence of extra-pulmonary tuberculosis (EPTB), 
caused by M. tuberculosis. The source of such infection could be food 
originating from cattle, which are infected with M. tuberculosis. The 
prevailing socio-economic conditions such as the low level of awareness in the 
rural community about the transmission of mycobacteria between animals 
and humans, the habit of consumption of raw animal products, the close 
physical contact between animals and their owners, and the HIV pandernic 
could promote the transmission of mycobacteria between animals and 
humans in the country. 
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Contrary to cattle grazing in the field, all the isolates from intensive dairy 
farm were M. bovis, and the spoligotype patterns of all of them were identical, 
which suggests that all the animals in the Farm were infected with one strain 
of M. bovis. This strain has a different spoligotype pattern as compared to 
previously reported from Africa (Njanpop-Lafourrcade et al., 2ool; Cadmus et 
al., 2004,20o6), or from other parts of the world (Aranaz et al., 1996; Goyal 
et al., 1997; de La Salmoniere et al., 1997; Lutze-Wallance et al., 2005). This 
strain has now been registered in the M. bovis database and given the 
reference number SB1176 (Ameni et al., 2oo7b). The second M. bovis isolate, 
which was isolated from grazing cattle (343Br) has lost some of the spacers as 
compared to the SB1176 strain; thus could be a descendant of the SB1176 
strain. On the other hand, all the strains of M. tuberculosis isolated from 
cattle tissues had similar spoligotype patterns with the strains of M. 
tuberculosis isolated from TB patient farmers in the area, which could 
suggest the existence of transmission of M. tuberculosis between farmers and 
their cattle. 
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CHAPTER 8 
GENERAL DISCUSSION 
8.1. General issues 
Ethiopia is one of the countries on the African continent possessing the 
largest number of livestock, which is estimated to be 33 million cattle, 24 
million sheep, 18 million goats, and 7 million equines (Alemayehu, 2003; 
FAO-STAT, 2003). However, in contrast to the huge numbers, the return in 
terms of livestock productivity is very low. The major biological and socio- 
economical factors attributing to the low productivity include: the low genetic 
potential of the livestock, poor nutrition (quantity and quality), prevailing of 
different livestock diseases, the traditional way of husbandry systems, and 
inadequate skilled manpower and infrastructure. Bovine TB is one of the 
infectious diseases, which could prevail particularly in the dairy sectors in the 
country although there is lack of information both on its economic and public 
health significance. 
8.2. Prevalence 
Bovine TB has been known to be endemic to Ethiopia since 1967 (FAO, 1967; 
Hailemariam, 1975). However, as for the other developing countries, there is 
a lack of adequate data on the epidemiology and public health implications of 
this disease. One of the contributions of this study was to generate data on the 
epidemiology of bovine TB in dairy raising areas of central Ethiopia. 
Apparent prevalences Of 13.5% and 16% were recorded at a cut-off points 
>4mm and >2mm, respectively in the 5,424 cattle studied. On the basis of the 
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sensitivities and specificities determined for the CIDT test, the true 
prevalences were determined to be around 19%. This prevalence should be 
considered as high, and thus warrants a sound control strategy. A few other 
studies also reported high skin test prevalence in other areas of the country 
(Kiros, 1998; Asseged et al., 2ooo, Ameni et al., 2003; Wondoson et al., 
2oo8, un-published). On the other hand, there is a rise in the incidence of 
human tuberculosis in Ethiopia, with the incidence at 431 per loo, ooo 
individuals in 2004 (WHO, 2005). In this context, a persistent rise in the 
incidence of extra-pulmonary tuberculosis (EPTB) and smear negative 
tuberculosis has been observed (Figure 8.1). This rise in the EPTB and smear 
negative tuberculosis could be associated with M. bovis infection and/or 
associated with the rise in the incidence of human immunodeficiency virus 
(HIV) in the country although the exact cause has not yet been identified so 
far. But the prevailing socio-economic conditions such as such the low level of 
awareness in the rural community about the transmission of mycobacteria 
between animals and humans, the habit of consumption of raw animal 
products, the close physical contact between animals and their owners, and 
the HIV pandemic could promote the transmission of mycobacteria between 
animals and humans. The isolation of a significant number of M. tuberculosis 
strains from cattle is a worrying observation and may reflect the existing close 
physical linkage between cattle and their owners, the lack of awareness of 
farmers about the transmission of diseases like tuberculosis either from cattle 
to humans or vice versa. As it was hypothesized in the present study, the 
transmission of mycobacterial species could also be from humans to cattle, 
and hence an integrated control approach involving health and agriculture 
sectors is required. Among others, rising public awareness though public 
education will play a key factor towards the control of tuberculosis both in 
animals and humans. 
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38,525 - 
43,675 
39,816 
M Smear positive PTB 
M Smear negative PTB 
M EPTB 
Figure 8.1. Proportion of smear positive, smear negative and extra-pulmonary tuberculosis in 
Ethiopia in 2005. 
Persistent rises in the incidences of smear negative tuberculosis and extra-pulmonary 
tuberculosis have been observed in Ethiopia. The overall incidence of tuberculosis was 431 
per loo, ooo population in 2005- 
Source: WHO, 2005 
8.3. Breed and husbandry variations 
The present study showed significantly higher skin test prevalence and 
severity of pathology of bovine TB in Holsteins than in either in zebu x 
Holstein (crosses) or in Arsi zebus maintained under identical husbandry 
conditions. The prevalence and severity of pathology were comparable in 
crosses and zebus. This result is in agreement with historical reports, which 
also indicated that Bos taurus (such as Holsteins) are more susceptible to 
bovine TB as compared to Bos indicus. i. e. zebu cattle (Carmichael, 1940). 
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One of the main strategies of the Ethiopian Government is to improve the 
genetic potential of its cattle population through interbreeding its indigenous 
zebu cattle with Holsteins. To this effect, the country has been importing 
Holsteins for the last four decades, and since then has been promoting the 
breeding of Holsteins solely for milk production. Presently, because of the 
growth in population number and rise in milk demand, the government is 
further encouraging the establishment and expansion of private dairy farms, 
which raise mainly Holsteins. Therefore, the relatively higher susceptibility of 
Holsteins to bovine TB, as observed by the present and previous studies, is a 
challenge to the Government's dairy expansion policy. Hence, the 
Government needs to design a control strategy for bovine TB before the 
disease causes its devastating effect not only in the dairy sector but also on 
public health. Although the establishment of a control strategy for bovine TB 
is inevitable for the Government, it is also important to emphasize on the 
expansion of breeding of cross breeds, as they are relatively resistant to 
bovine TB compared to Holsteins and exhibit a better production potential 
than the zebu breed. 
In addition to breed, cattle husbandry significantly affected the severity of the 
pathology of bovine TB; the severity of pathology was significantly higher in 
cattle kept in house than in those kept on pasture. Therefore, in order to 
minimize the prevalence of bovine TB in intensive dairy farms, it necessary 
that the premises be designed properly by taking into account space per cow, 
proper manure disposal, good ventilation and lighting systems, and other 
hygienic standards. 
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8.4. Cut-off points of the comparative intradermal 
tuberculin test (CIDT) 
The tuberculin skin test has remained the primary diagnostic test for 
tuberculosis in both humans and cattle. According to OIE recommendations, 
the optimal cut-off point for CIDT is change in skin thickness > 4mm. This 
cut-off point is universally applied for the diagnosis of bovine TB worldwide. 
However, cut-off points for tuberculin skin test could be affected by 
environmental factors, prevalence of tuberculosis, host factor, (status of 
immunity, genetics etc), and the nature of the tuberculin used (Berkel et al., 
2005). Hence, the cut-off point ideal for one group in a specific geographic 
area may be less than ideal for the other group in another environment 
(Streiner and Cairney, 2007). In the Ethiopian context, we evaluated cut-off 
points and found a cut-point Of >2MM to be more sensitive in detecting 
infected animals (for example, we found 13.5% reactors at a cut-Off >4mm 
while the proportion of reactors was 16% at a CUt-Off >2MM in the same study 
population). Despite the higher sensitivity at CUt-Off >2MM to detect lesioned 
animals, test specificity was remained the same at both cut-off points. 
Therefore, the use of a CUt-Off >2MM may be appropriate for the central 
Ethiopian context. 
8.5. Significance of the use of more the one diagnostic 
tests 
It is known that diagnostic tests for bovine TB in live animal were designed 
on the basis of the immune response to the disease. In the present study, 
three tests, namely the CIDT, IFN-y test, and lateral flow serum assay were 
applied to the same study population for the detection of infections at 
different stages of disease development. Low levels of agreements were 
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observed between the different pairs of tests, indicating that the tests detect 
different populations of infected animals. This is in agreement with the 
previous reports on the skin test and IFN-, y test, which indicated that some 
proportion of infected animals respond to only one test while the other 
proportion responds to the other test (Neill et al., 1994a; Pollock et al., 2005; 
Aranaz et al., 2oo6). Hence, as observed in this study, maximum detection of 
infected animals is achieved by using more than a single test in parallel. A 
similar observation has been reported earlier by other authors (Streeton et 
al., 1998; Gormley et al., 2oo6; reviewed by de la Rua-Domenech et al. 
(2oo6). 
However, it may not be pratical or economically feasible to use a combination 
of these tests particularly in developing countries like Ethiopia. Under such 
circumstances, selection of the appropriate test is necessary. Hence, it is 
necessary to compare the technical simplicity and the costs of each individual 
test. Although the IFN-y test is gaining increasing popularity mainly in 
economically advanced countries, its cost may not be affordable in developing 
countries; furthermore, it is more demanding technically, and hence its use as 
a routine diagnostic test is unlikely in Ethiopia. On the other hand, the CIDT 
test and the lateral flow assay are simpler and do not demand much 
technique. Besides, their costs are lower than the cost of the IFN-y test. 
8.6. Reduced T cell response (IFN-y response) 
The result of the present study indicated lower T cell responses in both 
Holstein and zebu as compared to T cell responses of cattle reared in the 
United Kingdom. One of the possible causes of such reduced T cell responses 
could be concurrent infection with helminth parasites such as Fasciola 
hepatica. Serum antibodies against Fasciola hepatica have been detected in 
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64.5% to 8o% of the animals randomly sampled from the study population. 
Infection with Fasciola hepatica has been described to leading to the 
polarization of the host's immune response towards a generation of Th2 
immune response, which is known to be inhibitory to Thi responses (Flynn et 
al., 2007). The correct diagnosis of bovine TB relies on a Thi response, and 
the predictive capacities of tests such as IFN-7 and CIDT test were found to be 
compromised in M. bovis and Fasciola hepatica co-infected animals (Ameni 
et al., 2000; Flynn et al., 2007). Studies on the response in cattle indicated 
that animals undergo downregulation of Thi responses including IFN-, y 
production and lymphocyte responsiveness by week 4 of infection (Clery and 
Mulcahy 1996). In mice, a complete downregulation of Thi responses was 
seen to occur with upregulation of the Th2 cytokines IL-4 and IL-5, with the 
maginitude of the effect dependent on the parasite burden (O'Neill et al., 
2000). In murine models of co-infection, Fasciola hepatica delays bacterial 
clearance and inhibits bacterium-specific IFN-, y production (Brady et al., 
1999). However, despite the high Fasciola hepatica sero-prevalence, we could 
not demonstrate a T112 bias as measured by IL-4 production. 
8.7. Mycobacterial epitope recognition by Holstein and 
Arsi zebu breeds 
Higher IFN-, y responses to mycobacterial antigens were observed in Holsteins 
as compared to in Arsi zebu. Further study was undertaken to investigate the 
antigen repertoire recognized by antibodies and T cells from the two cattle 
types. The result revealed comparable specificities of T cells and antibodies of 
the two breeds in recognizing the mycobacterial antigens tested. Hence, it can 
be concluded that the higher IFN-, y response that was observed in grazing 
Holsteins as compared to grazing zebus is not due to differences in the 
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antigen repertoire recognized but may be associated with the severity of 
pathology in this breed. 
8.8. Initiation of molecular typing 
The application of molecular typing techniques in the field of 
mycobacteriology is an important key for the identification of the different 
species and strains of mycobacteria, which infect the different host species 
including man. Species of the M. tuberculosis complex (MtbQ cause similar 
pathologies in different mammalian hosts and cannot be fully differentiated 
easily by morphology and biochemical analysis alone. Furthermore, members 
of the MtbC are highly related exhibiting remarkable nucleotide sequence 
level homogeneity. Inspite of their similarities, differences in pathogenicity, 
geographic range, certain physiological features (such as colony morphology, 
as well as profiles of resistance and susceptibility to inhibitors), epidemiology, 
and host preferences have been described (Sreevatsan et al., 1997). Notably, 
M. bovis has a wide host range but it is primarily a bovid pathogen, goats are 
a natural host for M. caprae, and M. microti is most often isolated from small 
rodents, while M. tuberculosis is the predominant cause of human 
tuberculosis (Aranaz et al., 1996). Since most laboratories do not fully 
identify MtbC isolates, the true cause of tuberculosis in different species of 
domesticated and wildlife, as well as humans remain unknown. The 
important health concern is the zoonotic transmission of the MtbC subspecies 
from animals to humans and vice versa. Therefore, complete identification of 
MtbC isolates at the subspecies level is required in order to collect 
information on their epidemiology and also to enable appropriate patient 
treatment and public health measures. 
A series of classical tests based upon growth, phenotypic and biochemical 
properties have been traditionally used to segregate members of the MtbC 
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(Neimann et al., 2000). However, these tests are slow, cumbersome, 
imprecise, non-reproducible, and time-consuming, and do not give 
unambiguous result (Huard et al., 2003). To complement these classical 
methods for the determination of MtbC species, molecular genetic MtbC 
typing including IS611o RFLP, spoligotyping, and variable number tandem 
repeat (VNTR) have been used to classify individual MtbC strains. PCR 
analysis of regions of difference (RD) has been widely used for the 
differentiation of species of MtbC for several years (Gordon et al., 1999; 
Huard et al., 2003). Therefore, the application of molecular typing is highly 
required for the mapping of the epidemiology of MtbC in Ethiopia. 
8.9. Control of tuberculosis in cattle 
It is known that test and slaughter has been the mainstay for the control of 
bovine TB so far, and has made a significant contribution particularly in 
developed countries. However, because of financial constraints, scarcity of 
trained professionals, lack of political will as well as the underestimation of 
the importance of bovine TB by national governments and donor agencies, 
the test and slaughter control measure is not applied or applied inadequately 
in most developing countries like Ethiopia. In addition to economic and 
logistic constraints, controlling free movement of animals within the country 
is difficult, and movement between neighboring countries cannot be 
regulated, primarily due to a lack of border controls. In addition, there may 
be spread of bovine TB amongst wildlife in game parks causing potentially a 
serious problem with consequences for domestic animals. Therefore, 
vaccination of susceptible domestic animals in endemic areas is a feasible 
option for Ethiopia as a long term plan. But as the diseases causing a 
devastating effect, test and slaughter should be applied in intensive dairy 
farms as a short term plan. Side by side to the efforts made towards cattle 
vaccine development, pasteurization/boiling of milk, meat inspection and 
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cooking meat and other animal products should be popularized and widely 
used by the population. 
8-io. Areas of further study 
The results of the present study have shown that Arsi (zebu) are less 
susceptible to bovine TB as compared to Holsteins under identical cattle 
husbandry, which could suggest that zebu may control infection at the level of 
innate immunity, or induce a more effective acquired immune response that 
limits the disease progression. To resolve this, further studies are required 
including in vitro infection of monocytes or macrophages isolated from the 
two cattle breeds, or experimental infection of the two breeds of cattle (Table 
8.1). Cattle husbandry affected the prevalence and severity of pathology of 
bovine TB in Holsteins. Similar study is required if cattle husbandry also 
affects the prevalence and severity of pathology of bovine TB in zebu cattle. 
The other interesting result of the present study was that a significant 
proportion of M. tuberculosis was isolated from tuberculous lesions of tissues 
of cattle grazing in the field. Similar strains of M. tuberculosis were isolated 
from randomly selected human TB patients in the same area. This finding 
could suggest that human TB patients could be the source infection of cattle 
with M. tuberculosis, which could in turn be transmitted from cattle to 
humans via unpasteurized milk. However, the pilot data generated by the 
present study was not adequate to test this hypothesis. Therefore, further 
studies with adequate sample size are required. In addition, infection of cattle 
nionocytes or macrophages with the M. tuberculosis and M. bovis isolates to 
investigate potential differences in innate immune responses is required, as 
well as infection of cattle with M. tuberculosis and M. bovis to determine if 
the isolates are of equal virulence and to study the pathology is required. 
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These research questions, approaches and experimental details that have 
been arisen from the findings of the present study are presented in Table 8.1. 
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Bovine tuberculosis is a major economic problem and a potential public health risL Improved diagnostics 
like the gamma interferon (IFN-, y) test with ESAT6 and/or CFP10 could contribute to the control program. We 
assessed IFN-y responses in zebu (Ethiopian Arsi breed) and Holstein cattle kept indoors or in a pasture to 
tuberculin purified protein derivative (PPD) and an ESAT6-CFPIO protein cocktail. Furthermore, the intensity 
and distribution of pathology of bovine tuberculosis were compared between the two breeds. Our data 
demonstrated significantly (all P<0.02) higher IFN-, y responses to avian PPD, bovine PPD, and the 
ESAT6-CFP10 protein cocktail in Holstein than in zebu cattle, while lesion severities in infected animals and 
tuberculin skin test responses did not differ significantly (P > 0.05) between the two breeds. Holstein cattle that 
were kept indoors produced significantly (all P<0.01) higher IFN-, y levels in response to avian PPD, bovine 
PPD, and the ESAT6-CFP10 protein cocktail than did Holstein cattle kept in a pasture. Moreover, lesion 
severity was significantly higher in Holstein cattle kept indoors (P = 0.001) than in those kept in the pasture. 
Lesions were localized predominantly in the digestive tract in cattle kept in a pasture, while they were localized 
in the respiratory tract in cattle kept indoors. In conclusion, in Holstein cattle, husbandry was a dominant 
factor influencing the severity of tuberculosis lesions and IFN-, y responses to mycobacterial antigens compared 
to breed. A difference in the cellular immune response between zebu and Holstein cattle was observed, while 
tuberculosis lesion severities were identical in the two breeds, when both were kept in a pasture. 
Human tuberculosis (TB) of animal origin, particularly that 
caused by Mycobactetium bovis, is becoming increasingly 
important in developing countries (24,35). In sub-Saharan 
Africa, humans and animals share the same microenvironment 
and water holes, especially during droughts and the dry season, 
thereby potentially promoting the transmission of M. bovis 
from animals to humans. According to Cosivi et al. (13), 60% 
of the African, 47% of the Asian, and 38% of the Latin Amer- 
ican and Caribbean countries have reported the occurrence of 
bovine TB from sporadic to enzootic levels. Approximately 
85% of the cattle and 82% of the human populations of Africa live in areas where bovine TB is either partly controlled or not 
controlled at all (13). In such countries, where bovine TB is still 
common and pasteurization of milk is not practiced, an esti- 
mated 10 to 15% of human TB cases are caused by M. bovis (4). A compulsory eradication program based on the slaughter 
Of infected animals detected by the single intradermal compar- 
ative cervical tuberculin test has resulted in a dramatic reduc- tion in the prevalence of bovine TB in developed countries, 
except in countries with a wildlife reservoir (21). However, this 
control Policy is generally not being applied in developing 
Corresponding author. Mailing address: Aklilu Lemma Institute of PathobiOlogy' Addis Ababa University, P. O. Box 1176, Addis Ababa, Ethiopia. Phone: 251-9-11413073. Fax: 251-1-113755296. E-mail: 90b, enaameni@yahoo. com. 
countries because of logistical and financial constraints. Thus, 
vaccination is the best option for controlling bovine TB. To 
date, bacillus Calmette-Gu6rin (BCG), an attenuated strain of 
M. bovis, is the only available vaccine for the prevention of TB. 
In cattle, BCG has been used in a series of experiments with 
various degrees of protection against M. bovis challenge (7,10) 
where a significant level of protection in BCG-vaccinated cattle 
against M. bovis infection has been demonstrated. 
However, a major constraint on the use of attenuated my- 
cobacterial vaccines, such as BCG, is that vaccination of cattle 
interferes with the detection of TB by means of the tuberculin 
skin test. On the other hand, antigens such as early secretory 
target antigen RD (ESAT6) and culture filtrate protein 10kD 
(CFP10) have been identified and found to be effective as 
differential diagnostic reagents since they are able to differen- 
tiate M. bovis infection from BCG vaccination (8,12,16,25, 
30). The in vitro gamma interferon (IFN--y) assay, which was 
developed in 1990 (32), has been evaluated with purified pro- 
tein derivates (PPDs) in different geographic locations (2,3, 
28,33,34), and an ESAT6- and/or CFP10-based IFN-, y assay 
was found to be more specific than a PPD-based IFN-y assay 
(8,29,30). However, most of the studies were performed with 
cattle of European origin, such as Holstein cattle, which belong 
to the Bos taurus taurus group of breeds. In contrast, the 
predominant breeds in Africa and Asia are humped cattle of 
the B. taurus indicus breed groups. As it is conceivable that 
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FIG. 1. IFN--y response to mycobacterial antigens in Holstein and zebu cattle kept in a pasture. Whole-blood cultures were stimulated with 
avian PPD, bovine PPD (both used at 10 Vtg/ml), and an ESAT6-CFPIO protein cocktail (each protein at 5 [tg/ml). Positive control, PHA (5 [tg/ml). 
IFN-ý was determined by the Bovigarn enzyme immunoassay, and results are expressed as the mean _- the standard error of the mean. *, P<0.02. 
OD, optical density. 
different breeds display different strengths of cellular immune 
response, the present study was designed to evaluate IFN-Y 
responses in Holstein and Arsi (B. taurus indicus) cattle with 
confirmed bovine TB in Ethiopia. In addition, the husbandry 
system by which cattle are kept could influence the IFN--y 
response to these antigens. To address some of these ques- 
tions, we investigated lesion distribution and disease severity in 
cattle of different breeds kept under different husbandry con- 
ditions. 
MATERIALS AND METHODS 
Study animals. This study was conducted with 91 head (54 Holstein and 37 
zebu) of skin test-positive cattle. The study animals were obtained from two 
districts of Ethiopia, namely, Holeta and Selalle. Cattle husbandry consisted of 
zero grazing (intensive fanning) in Holeta, where 29 Holstein cattle were re- 
cruited, and free grazing in a pasture in Selalle, where 25 Holstein cattle and 37 
zebus were obtained. In Selalle, both the Holstein cattle and zebus were obtained 
from the same villages and had been grazing on communal pastureland. Further, 
in most cases, the two breeds and their crossbred hybrids were kept together in 
a single herd. The 29 Holstein cattle obtained from a government farm in Holeta 
were kept under intensive farming conditions. This farm has a known history of 
bovine TB, and at the time of this study, 47.8% of its animals were positive 
reactors in the comparative intradermal tuberculin test. 
Comparative intradermal tuberculin test. Two sites on the skin on the right 
side of the mid-neck of the animal, 12 cm apart, were shaved, and skin thickness 
was measured with a caliper. One site was injected with an aliquot of 0.1 ml of 
2,500-IU/ml bovine PPD (Veterinary Laboratories Agency, Addlestone, Surrey, 
United Kingdom), into the dermis, and the other was similarly injected with 0.1 
ml Of 2,500-IU/ml avian PPD (Veterinary Laboratories Agency, Addlestone, 
Surrey, United Kingdom). After 72 h, the skin thickness at the injection sites was 
Measured. Results were interpreted according to the recommendations of the Office International des Epizooties (23). Briefly, when the change in skin thick- 
nem was greater at the avian PPD injection site, the animal was considered 
Positive for mycobacterial species other than the mammalian type (M. tubercu- losis and A4. bovis). When increases were observed at both injection sites, the difference between the two reaction sizes was considered. Thus, if the increase in 
skin thickness at the injection site for bovine PPD (B) was greater than the increase in skin thickness at the injection site for avian PPD (A) and B minus A 
was less than 2 mm, between 2 and 4 mm, or 4 mm and above, the animal was 
classified as negative, suspect, or positive for bovine TB, respectively. Whole-blood culture and Bovigam IFN--y assay. Blood samples were collected from the jugular vein into heparinized Vacutainers and transported to the lab- 
oratorv within 8h of collection. Whole blood was dispensed at a 250-ýLl volume Into the wells of 96-well flat-bottom culture plates. Antigens were added in 25-[Ll al'quOtS to give the following final assay concentrations: avian PPD, 10 ýLg/ml; bovýine PPD, 10 ýLg/ml (both tuberculins were obtained from the Veterinary Laboratories Agency, Weybridge, United Kingdom); ESAT6-CFPIO protein cocktail, each protein at 5 jig/ml (kindly provided by M. Singh, Braunschweig, Germany). Phytohemagglutinin (PHA; 5 ýLg/ml) and saline (25 ýLl) were used as 
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positive and negative controls, respectively. Cultures were incubated at 37C in 
a humid 5% CO, atmosphere for 48 h, and supernatants were harvested and 
frozen. Levels of IFN--y in the supernatants were measured by an enzyme-linked 
immunosorbent assay with the bovine IFN--y (Bovigam) test kit (Commonwealth 
Serum Laboratories, Victoria, Australia) in accordance with the manufacturer's 
instructions. 
Postmortem examination and pathology scoring. Skin test reactor cattle were 
bought and sacrificed, and detailed postmortem examinations were performed. 
The lungs and lymph nodes were removed for the investigation of tuberculous 
lesions. The seven lobes of the two lungs, including the (i) left apical, (ii) left 
cardiac, (iii) left diaphragmatic, (iv) right apical, (v) right cardiac, (vi) right 
diaphragmatic, and (vii) right accessory lobes, were inspected externally and 
palpated. Each lobe was then sectioned into about 2-cm-thick slices to facilitate 
the detection of lesions. Similarly, lymph nodes, namely, the (i) mandibular, (ii) 
media] retropharyngeal, (iii) cranial and caudal mediastinal, (iv) left and right 
bronchial, (v) hepatic, and (vi) mesenteric lymph nodes, were sliced into thin 
sections (circa 2 mm thick) and inspected for the presence of visible lesions. 
When gross lesions suggestive of bovine TB were found in any of the tissues 
examined, the animal was classified as lesioned. Animals in which lesions were 
not found were classified as nonlesioned. 
The severity of the gross lesions was scored by applying the serniquantitative 
procedure developed by Vordermeier et a]. (29), with minor modifications to 
facilitate performance under field conditions. Briefly, lesions in the lobes of the 
lungs were scored separately as follows: 0, no visible lesions; 1, no gross lesions 
but lesions apparent on slicing of the lobe; 2, fewer than five gross lesions; 3, 
more than five gross lesions; 4, gross coalescing lesions. The scores of the 
individual lobes were added up to calculate the lung score. Similarly, the severity 
of gross lesions in individual lymph nodes was scored as follows: 0, no gross 
lesion; 1, a small lesion at one focus Oust starting); 2, small lesions at more than 
one focus; 3, extensive necrosis. Individual lymph node scores were added up to 
calculate the lymph node score. Finally, both lymph node and lung pathology 
scores were added up to determine the total pathology score per animal. 
Isolation of mycobacteria. Isolation of mycobacteria from tissue was per- 
formed in accordance with Office International des Epizooties protocols (23). 
Briefly, tissue specimens for culture were collected in sterile universal bottles in 
5 ml of a 0.9% saline solution and then transported to the laboratory. At the 
laboratory, they were sectioned into pieces with sterile blades and then homog- 
enized with a pestle and a mortar. The homogenate was decontaminated 
by 
adding an equal volume of 4% NaOH by centrifugation at 3,000 rpm 
for 15 min. 
The supernatant was discarded, while the sediment was neutralized with 
1% (0.1 
N) HC1 with phenol red as an indicator. Neutralization was achieved when 
the 
color of the solution changed from purple to yellow (23). Thereafter, 
0.1 ml of 
suspension from each sample was spread onto a slant of Lowenstein-Jensen 
medium. Duplicates of Lowenstein-Jensen medium were used; one was enriched 
with sodium pyruvate, while the other was enriched with glycerol. 
Cultures were 
incubated aerobically at 370C for about 5 to 8 weeks with weekly observation 
for 
growth of colonies. 
Data analysis. Student's t test was used to compare the mean optical 
density 
values of IFN--y, the mean pathology scores, and the mean skin 
indurations 
post-comparative intradermal tuberculin test. The chi-square test was 
used 
to analyze the variation in mycobacterial growth in the tissues of 
Holstein 
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FIG. 2. Comparative intradermal tuberculin test results for Holstein and zebu cattle. Changes in skin thickness after application of avian PPD 
and bovine PPD were measured in millimeters. In addition, the differences between reaction sizes at the bovine PPD injection site and the avian 
PPD injection site (PPD B- PPD A) are also shown. 
and zebu cattle. Linear-correlation analysis, with a nonparametric test 
(Spearman's r, two tailed with the GraphPad Stats function), was performed 
with Prism 4.0 (GraphPad Software, San Diego, CA) for determination of the 
degree of association between the IFN--y response level and the severity of 
pathology. 
RESULTS 
IFN-y responses to mycobacterial antigens. Samples were 
obtained from 91 skin test-positive reactor cattle, 37 Arsi zebu 
cattle, and 25 Holstein cattle kept under low-intensity farming 
conditions in a pasture (Selaile region), as well as 29 Holstein 
cattle kept under intensive farming conditions (Holeta region). 
Of the 91 reactors, 83 had visible lesions typical of bovine TB 
postmortem and/or were culture positive for M. bovis. No sig- 
nificant difference (chi-square test, P=0.18) in mycobacterial 
growth between tissues of Holstein and zebu cattle was ob- 
served. When responses of tuberculous Arsi and Holstein cat- 
tle kept under identical husbandry conditions (low intensity, in 
a pasture) were compared, it was evident that IFN--y responses 
to avian PPD (0.49 --1- 0.10 versus 0.39 t 0.07), bovine PPD 
(0.63 
--1- 
0.11 versus 0.43 t- 0.07), and the ESAT6-CFPIO pro- 
tein cocktail (0.43 t- 0.01 versus 0.30 -± 0.05) were significantly 
higher (for all antigens, P<0.02) in Holstein than in Arsi 
cattle, while responses to the positive control PHA or to saline 
(i. e., no antigen) control wells were not significantly different 
between the two breeds (Fig. 1). These results are in con- 
trast to the skin test responses, where no significant differ- 
ences in reaction sizes were observed between zebu and 
Holstein cattle (Fig. 2, P>0.099,0.145, and 0.33 for re- 
sponses to the bovine and avian PPDs and the difference 
between the two tuberculins, respectively). 
When Holstein cattle under different husbandry practices 
were compared, Holstein cattle that were kept indoors (high- 
intensity farming) were shown to produce significantly higher 
IFN--y levels in response to avian PPD (0.63 _4 
0.10 versus 
0.49 
-'- 
0.10), bovine PPD (0.85 -- 0.14 versus 0.63 -- 0.11), and 
the ESAT6-CFPIO protein cocktail (0.56 t 0.11 versus 0.43 -- 
0.10) than Holstein cattle that were kept in a pasture (Fig. 3; all 
Grazing Holstein 
Housed Holstein 
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FIG. 3. IFN--y response to mycobacterial antigens in Holstein cattle kept indoors or in a pasture. Whole-blood cultures were stimulated with avian PPD, bovine PPD (both used at 10 ýLg/ml), or an ESAT6-CFPIO protein cocktail (each protein at 5 Vg/mi). Positive control, 
PHA (5 ýLg/ml)- 
IFNIwas determined by the Bovigarn enzyme immunoassay, and results are expressed as the mean -_ the standard error of the mean. *, 
P<0.01. 
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FIG. 4. Mean pathology scores of the lymph nodes and other organs of Holstein cattle kept indoors or in a pasture. Pathology scores were 
deterrnined as defined by Vordermeler et al. (27), and mean scores of Individual lung lobes or lymph nodes are shown. Results are expressed as 
the mean score of each tissue type ±- the standard error of the mean. URT, upper respiratory tract; LRT, lower respiratory tract; AT, alimentary 
tract. 
antigens, P<0.01). 
Pathology of bovine TB in relation to cattle breed and hus- 
bandry. We next determined whether the severity of the pa- 
thology caused by bovine TB was affected by cattle husbandry. 
This was done by tabulating the disease severity with a semi- 
quantitative pathology scoring system (29). Our analysis dem- 
onstrated that disease severity was significantly greater in cattle 
kept indoors than in those kept at pasture (mean lesion scores, 
9.77 +_ 0.2.20 versus 6.0 -± 0.28; P=0.001), regardless of the 
cattle breed (data not shown). In addition, intrabreed variation 
in disease severity and lesion distribution was observed in that 
the severity of pathology was significantly greater in housed 
Holstein cattle than in Holstein cattle that were kept in a 
pasture (mean lesion scores, 9.13 -± 2.02 versus 7.44 -± 0.54; 
P=0.002). In contrast, the disease severities of tuberculous 
Holstein and Arsi cattle both kept in a pasture were not sig- 
nificantly different (mean lesion scores, 7.44 -± 0.54 versus 
6.41 ± 0.35; P=0.23). 
Furthermore, while the lesion distributions between Hol- 
stein and Arsi cattle kept in a pasture were identical and 
more concentrated in the alimentary tract (i. e., mesenteric 
lymph nodes; see Fig. 4 for Holstein cattle in a pasture), we 
observed a significant difference in the lesion distribution in 
animals kept under high-intensity management (indoors) 
compared to those kept in a pasture. Figure 4 illustrates this 
point by comparing the pathology scores of Holstein cattle 
kept in a pasture or kept mainly indoors under high-inten- 
sity management. The Holstein cattle kept indoors had le- 
sions predominantly in the lungs and in the lymph nodes draining the upper and lower respiratory tracts (P < 0.01 
compared to pastured Holstein cattle), while, as stated 
above, digestive tract lesions were more prominently found in Holstein cattle kept in a pasture (P < 0.001 compared to housed Holstein cattle). 
Relationship between IFN--y responses and pathology in 
cattle kept under different husbandry conditions. Different 
relationships between in vitro IFN--y responses and the patholl- 09Y of bovine TB were observed between cattle kept mainly 
indoors and cattle grazing in a pasture. Whereas the pathology Of bovine TB in grazing Holstein cattle (Fig. 5A) and pastured zebus (not shown) positively correlated with IFN--y responses after stimulation with bovine PPD (Spearman's r=0.487, P= 0-018), avian PPD, and the ESAT6 and CFP10 proteins (P < 
0.05, data not shown), no positive correlation was found be- 
tween pathology and IFN--y production when Holstein cattle 
housed indoors were assessed, although this correlation was 
not statistically significant (Spearman's r= -0.2628, P= 
0.1945) (Fig. 5B). Interestingly, skin test results-assessing ei- 
ther PPD B-Induced results or the differences between PPD 13- 
and PPD A-induced responses-did not correlate in pastured 
or housed Holstein cattle (Spearman's r values of -0.124 to 
0.112, P values of 0.488 to 0.803). 
2 
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FIG. 5. Relationship between IFN--y responses and severity of pa- 
thology. (A) IFN--y responses to bovine PPD and pathology of bovine 
TB in Holstein cattle kept in a pasture (Spearman's r=0.487, P= 
0.018). (B) IFN--y responses to bovine PPD and severity of pathology 
of bovine TB in Holstein cattle kept indoors (Spearman's r= -0.262, 
P=0.1945). OD, optical density. 
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DISCUSSION 
The level of IFN-y responses to the tested mycobacterial 
antigens was significantly 
lower in Arsi cattle, a zebu B. taurus 
indicus breed, than in Holstein cattle 
(B. taurus taurus) kept 
under the same 
husbandry conditions. The difference in IFN--y 
responses in zebu and 
Holstein cattle maintained under iden- 
tical conditions could be 
due to the different BoLA alleles in 
the two breeds affecting the recognition of mycobacterial an- 
tigens. Although this appears not to 
be the most likely expla- 
nation as tuberculin responses 
(i. e., responses to a complex 
mMure of mycobacterial antigens) were equally 
lower in the 
zebu cattle studied, further 
investigation of the repertoire of 
mycobacteriall antigens recognized 
by these two breeds, as well 
as the qualitative nature of the immune responses with respect 
to, e. g., other cytokines, will nevertheless be interesting. It is 
also noteworthy that the IFN--y responses observed in Holstein 
cows in Ethiopia were considerably lower than those reported 
for Holstein cattle in the United Kingdom, Ireland, or New 
Zealand (6,29). A likely explanation could be that a higher 
proportion of Holstein cattle in Ethiopia suffer from far ad- 
vanced disease. Since the test-and-slaughter-based control 
method is not applied in Ethiopia, the disease could progress 
longer with a greater proportion of animals reaching a more 
severe disease status. In addition, multiple parasitic infections, 
which prevail in the study population (personal observation), 
could also modulate the IFN--y responses to mycobacterial 
antigens. For example, a previous study in Ethiopia showed 
that infection with either Fasciola sp. or Strongylus sp. signifi- 
cantly reduced skin indurations in response to bovine PPD in 
Al. bovis-infected heife-IS compared to M. bovis-infected heifers 
that had been dewormed before skin testing (1). 
Our data also suggest that by lowering the cutoffs for sensi- 
tivity of the IFN-, y test, one could achieve comparable sensi- 
tivity levels between zebu and Holstein cattle (see below), 
although this will inevitably have an impact on test specificity. 
However, assessing absolute test sensitivity and specificity was 
not an objective of the present study, nor are the animal groups 
studied useful to pursue such objectives. Our data, however, 
did allow us to estimate the sensitivity of the IFN--y test in 
relation to that of the Comparative tuberculin test (relative 
sensitivity). Around 52% of the skin test-positive Holstein cat- 
tle (with an optical density at 450 nm of 0.1 as the cutoff) and 
around 46% of the skin test-positive zebu cattle (with an 
optical density at 450 nm of 0.05 as the cutoff) tested positive 
when tuberculin was used as the test antigen in the IFN-y test. These values are relatively low compared to those of studies in 
other countries, which were conducted mainly in high-income 
countries in Europe, Australia, and North America (reviewed in reference 14). The full impact of these data cannot be 
assessed, however, without further studies, which are needed to determine absolute sensitivity and specificity. This is partic- 
ularly important as the skin test and IFN--y test are known to target not completely overlapping populations of infected an- Imals (17), and it is therefore likely that a higher percentage of Infected animals would be detected by the IFN--y test than the around 50% of skin test-positive cattle (encompassing both skin test-POsitive and skin test-negative populations); i. e., its true sensitivity is likely to be higher. The notion that not com- Pl'telY overlapping Populations of animals were detected by 
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tuberculin skin testing and the IFN--y test is also highlighted in 
this study because no correlation between the two responses 
was found (data not shown). Nor did the severity of disease 
(pathology scores) correlate with the extent of skin test re- 
sponses, while a statistically significant correlation was ob- 
served between pathology scores and the IFN--y test in the 
pastured Holstein cows (see also below). Therefore, arguably 
the most beneficial use of these tests would be in parallel to 
maximize the detection of infected animals (17). Thus, to de- 
termine the true sensitivities and specificities of both tests 
under Ethiopian conditions, further large-scale studies includ- 
ing both truly TB-free animals and skin test-negative and/or 
IFN--y test-negative M. bovis-infected cattle are needed to 
quantify the impact of the lower reported IFN--y responses on 
test performance. 
In addition to breed, cattle husbandry was found to be an 
important factor affecting the intensity and distribution of the 
pathology of bovine TB, as well as the strength of antigen- 
specific IFN--y responses. The severity of bovine TB was sig- 
nificantly greater in cattle kept indoors at a higher population 
density than in those kept in a pasture. This is because, as 
previously stated (26), housing predisposes cattle to TB; the 
closer animals are packed together, the greater the chance that 
TB will be transmitted. Apart from physical factors like close 
contact facilitating the transmission of infective aerosols be- 
tween animals, it is also possible that stress caused by over- 
crowding or nutritional differences between housed and pas- 
tured animals contributed to the severe disease found in 
housed Holstein cattle. Furthermore, a major difference in 
lesion distribution was observed between animals farmed in- 
tensively and those kept in a pasture under low-intensity man- 
agement. Animals in intensive farms had lesions predomi- 
nantly in the respiratory tract, whereas digestive tract lesions 
predominated in animals kept in a pasture. One could hypoth- 
esize different transmission routes of bovine TB depending on 
the methods of cattle husbandry used; inhalation could be the 
most likely route of infection in cattle kept indoors, and patho- 
gen ingestion could be the most likely route of infection in 
cattle grazing outside in a pasture. Furthermore, one could 
hypothesize that fecal excretion of bacilli leads to pasture con- 
tamination, in contrast to respiratory shedding of aerosolized 
bacilli by cattle kept under high-intensity farming conditions at 
a higher population density. However, the present study can- 
not provide evidence for either hypothesis but rather highlights 
the need for further studies, for example, of environmental 
sampling for tubercle bacilli to test the validity of these hy- 
potheses. 
The relationship between the pathology of bovine TB and 
the antigen-specific IFN-, y response level varied between ani- 
mals kept indoors and those kept in a pasture. A statistically 
significant positive correlation was observed between the 
IFN-, y response to mycobacterial antigens and the pathology of 
bovine TB in cattle kept in a pasture. In contrast, for Holstein 
cattle kept indoors, such a positive correlation was not ob- 
served. Instead, we found a negative trend between 
IFN--y 
responses to mycobacterial antigens and the pathology of 
bovine TB, although this negative relationship was not statis- 
tically significant. Interestingly, in line with our results ob- 
served in cattle kept in a pasture, Vordermeier et al. 
(29) also 
reported a significant positive correlation between 
IFN--y re- 
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sponses and the pathology 
of bovine TB in experimentally 
infected calves. The observed contrast 
between our findings in 
relation to animals 
kept indoors and the data reported by 
Vordermeier et al. (29) may be a reflection of 
differences in 
disease status and severity. The latter animals 
had consid- 
erably lower mean pathology scores 
than a proportion of the 
housed Holstein cattle in our study. However, 
in accordance 
with Vordermeier et al. 
(29), the proportion of housed 
liolstein cattle assessed in the present study with relatively low 
pathology scores (below 5) 
displayed vigorous IFN--y responses, 
and consequently, the responses overall across the 
housed group 
were higher than those for the group of 
Holstein cattle kept in 
a pasture. In addition, the proportion of the animals 
kept 
indoors that had more severe disease and higher pathology 
scores displayed lower IFN-, y responses than the animals 
kept 
in a pasture and the lesions of these pastured Holstein cattle 
were relatively mild or contained. These latter findings are 
therefore more in line with those of other studies that de- 
scribed changes in the nature of the immune responses with 
disease progression, from a dominant Thl-type response at 
early stages of disease toward B-cell antibody production and 
lower T-cell responses at more-progressive disease stages (5,9, 
11,15,18,19,20), or a positive correlation between antibody 
responses and pathology (22,27,31). A consequence of lower 
cell-mediated immune responses in animals with severe dis- 
ease could be their escape from detection by cell-mediated 
immune response-based tests like the IFN-, y test. However, 
our study was not aimed at assessing such "anergic" animals as 
all of the animals studied were skin test positive. Consequently, 
no negative relationship between skin test responses and pa- 
thology could be observed. Defining the epidemiological sig- 
nificance of the observed lower IFN--y responses in cattle with 
higher pathology scores with respect to this allowing animals to 
escape diagnosis needs to be the subject of future large-scale 
studies, 
In conclusion, the results of this study indicated that while 
the breed of cattle is a major factor influencing in vitro IFN--y 
responses to mycobacterial antigens, cattle husbandry and 
cattle density are the dominant factors influencing disease 
severity and the distribution of the lesions in the Holstein 
cattle studied. Therefore, in parallel with efforts to develop 
effective novel diagnostic tools and vaccines, improvement of 
cattle husbandry systems by minimizing crowding and improv- ing ventilation could also contribute significantly to the control 
of bovine TB. 
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Effect of skin testing and segregation on 
the prevalence of bovine tuberculosis, and 
molecular typing of Mycobacterium bovis, 
in Ethiopia 
G. AMEM, A. ASEFFA, A. SIRAK, H. ENGERs, D. B. YOUNG, R. G. HEWINSON, 
M, H. VORDERMEIER, S. V. GORDON 
in 2002, the prevalence of bovine tuberculosis (TB) among 500 cattle on Holeta Farm, near Addis Ababa, 
Ethiopia, was 48 per cent, and the farm was divided into positive and negative herds. After three consecutive 
rounds of skin testing and segregation of skin test-positive and -negative animals, the prevalence of bovine 
TB was reduced from 14 per cent to I per cent in the negative herd in a year. Spoligotyping of 41 isolates 
from 17 cows gave an identical and unique spoligotype pattern, which can be represented as the binary 
number 1100000101111110111111100010000000000100000, where I indicates the presence of a spacer 
and 0 represents a loss. This spoligotype pattern had not previously been reported on the Mycobacterium 
bovis spoligotype database, and it was therefore designated SBI 176, Ethiopian M bovis strain 1 (Embsi). 
The variable number tandem repeat (VNTR) prof He of the strain was 5254*33.1, which differed from the VNTR 
profile of strains reported in Great Britain. 
BOVINE tuberculosis (TB) is a threat to animal and human 
health in several countries. Human TB of animal origin, 
particularly that caused by Mycobacterium bovis, is becom- 
ing increasingly important in developing countries. In the 
developed world the control of bovine TB in farm animals has 
greatly reduced human infections with M bovIS, although a 
potential risk remains (Anon 1994). Several factors account 
for the failure of developing countries to control and eradi- 
cate bovine TB, which include the high cost of a sustainable 
testing programme, social unrest due to political instability 
and ethnic war, the displacement of large populations of 
human beings and animals, the lack of veterinary expertise 
and communication networks, insufficient collaboration 
with bordering countries and hence lack of quarantine, and 
the smuggling of live animals across state boundaries (Ayele 
and others 2004). 
Lack of quarantine and the smuggling of live animals 
across boundaries, which is very common among east 
African countries, promote the transmission of M bovis 
ft. 0m one country to another. It is therefore necessary to 
investigate the molecular epidemiology of M bovis within 
and across countries so that the strains circulating in human beings, cattle, and wildlife can be identified. The most com- 
mon molecular typing method applied to M bovis in devel- 
oped countries is spoligotyping (Durr and others 2000), 
an 
*d 
restrictio n. fragment length polymorphism (RFLP) 
i1sing the insertion sequence (is) 6110 is the preferred typ- 
ing method for Mycobacterium tuberculosis (Van Soolingen 
and others 1993). SPoligotyping is a PCR-based method that '-'T'Oits Polymorphisms within the direct repeat region of the chromosome (Groenen and others 1993, Kamerbeek and others 1997, Caimi and others 200 1), and has been used for the investigation of the molecular epidemiology of Mbovis and M tuberculosis with a low copy number of 1S61 10 ýde La Salmon i iere and others 1997, Goyal and others 1997, Bauer and others 1999, Lutze-Wallace and others 2005). Like 'POligotyping, variable number tandem repeat (VNTR) Is a PCR-based technique used to determine the number of tandem repeats of the species of the M tuberculos Is com Plex. The VNTR system originally described by Frothingham and Nleeker-O'Connell 
0 998) included six exact tandem "p 
- 
eats. 
,T- 
hese loci vary in the length of the internal repeat Urilts'g"ing 
alleles that vary in size. Strains are named on 
the basis of the number of repeats at each allele, for exam- 
ple, strain 7-5-5-4-3-3 would have seven copies of allele A, 
five of B, five of C, four of D, and so on. Investigations of the 
spoligotype patterns and VNTR profiles of M bovis strains 
would be useful in mapping the epidemiology of bovine TB 
and controlling its spread. 
This study was undertaken to investigate an outbreak of 
bovine TB on a governin ent- owned farm at Holeta (Holeta 
farm), central Ethiopia, and to evaluate the effect of skin 
testing and segregation on the prevalence of bovine TB on 
the farm. The study also aimed to initiate the surveillance of 
M bovIS in the country by molecular typing. 
MATERIALS AND METHODS 
History of the farm 
Holeta farm was first established in 1955 and started with 120 
in-calf Holstein heifers that had been imported from the USA. 
In addition, some pure Holstein heifers were introduced from 
Kenya in 1959. In 1980, an additional 120 in-calf Holstein 
heifers were donated by the Government of Cuba and formed 
the nucleus of the present farm. The farm is located 43 km 
west of Addis Ababa at Holeta Town on the main road to 
western Ethiopia. There are various grades of dairy cattle 
kept by smallholders adjacent to the farm and a few small- 
scale commercial dairy farms. Hay, green feed and concen- 
trate are the major foodstuffs fed to the animals on the farm. 
Water for drinking is obtained from a borehole, and calves 
are commonly fed on unpasteurised milk. In 200 1, owing to 
the occurrence of clinical signs suggestive of bovine TB such 
as respiratory distress, coughing, weight loss and emaciation, 
and postmortem lesions in animals that had died, the herd 
was tuberculin skin tested for the first time. However, owing 
to a technical problem with the skin test, the true prevalence 
of the disease was not established; only 10 of over 500 animals 
tested positive (T. Haflu, personal communication) - Neither 
the animals on the farm nor animals in the vicinity had been 
skin tested previously. 
Comparative intraderilmal tuberculin test 
In 2002, all the animals on the farm except the newborn 
calves were skin tested using the comparative intradermal 
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Number of Number (()/o) 
Test Date of test animals tested positive 
1 October 2002 500 240(48) 
2 October 2003 250 35(14) 
3 February 2004 200 19(9-5) 
4 May 2004 200 2(1-0) 
tuberculin test (CIDT). Two sites, 12 cm apart, on the right 
side of the mid-neck of each animal were shaved and the 
skin thickness was measured with callipers. Aliquots of 
0.1 ml of 2500 iu/ml bovine purified protein derivative 
(PPD) (Veterinary Laboratories Agency [VLA]) and 0- 1 ml of 
2500 iu/ml avian PPD (VLA) were injected into the dermis 
at these sites. After 72 hours, the thickness of the skin at 
each injection site was measured with the same callipers. 
The results were interpreted in accordance with the recom- 
mendations of the World Organisation for Animal Health 
(01E) (2000). 
Postmortem examination and histopathology 
Thirty cows that reacted positively to the CIDT were eutha- 
nased and examined postmortem. Each lobe of the lungs was 
sliced into approximately 2 cm thick slices to facilitate the 
detection of lesions. Similarly, the right and left mandibular, 
the medial retropharyngeal, the left and right bronchial, the 
caudal and cranial mediastinal and the mesenteric lymph 
nodes from each of the cows were sliced into thin sections 
and inspected for visible lesions. Samples from suspicious 
lesions were collected into 10 per cent buffered formalin and 
processed for histopathology according to the protocol of the 
OIE (2000). 
Cow 
Left Left Left 
apical cardiac diaphragmatic 
Lunglobe 
Right Right Right Right 
apical cardiac diaphragmatic accessory 
Total 
score 
1 0 0 5 0 0 0 0 5 
2 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 
4 
5 
0 0 0 0 0 1 0 1 
6 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 7 
8 
1 2 1 2 2 3 2 13 
9 
0 0 0 0 0 0 0 0 
10 
0 1 0 0 0 3 4 8 
0 0 0 0 0 0 0 0 11 
12 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 0 
14 4 4 4 4 4 4 4 28 
1 0 0 0 0 0 0 0 0 5 
16 0 0 0 0 0 0 0 0 
17 0 0 0 0 0 0 0 0 
18 0 0 0 2 
19 0 0 0 0 0 2 0 2 
20 0 0 0 
21 0 0 0 
22 4 3 4 1 0 4 3 19 
23 0 
24 0 
25 0 
26 0 0 0 0 0 0 0 0 
27 0 0 0 0 0 0 0 0 
28 0 0 0 0 0 0 0 0 
29 0 0 2 0 0 1 1 4 
30 0 0 0 0 0 0 0 0 
Number of 
0 0 0 0 0 0 0 0 
arliMalý vvith I leýons 3 5 6 3 3 9 5 11 
The severity of the gross lesions was scored by applying the 
serniquantitative procedure developed by Vordermeler and 
others (2002), with minor modifications to facilitate its use 
under field conditions. The lesions in the lobes of the lungs 
were scored separately as fol-lows: 0 No visible lesions, 1 No 
gross lesions but lesions apparent on slicing the lobe, 2 FeN,; er than five gross lesions, 3 More than five gross lesions, 4 Gros,, 
coalescing lesions. The scores for the individual lobes werc 
added together to calculate the total lung score. Similarly, the 
severity of the gross lesions in individual lymph nodes waý 
scored as foflows: 0 No gross lesions, I Small lesion at one focus ()ust starting), 2 Small lesions at more than one focus, 
3 Extensive necrosis. The scores for the individual lymph 
nodes were added together to calculate the total lymph node 
score. Finally, the scores for the lymph nodes and lungs were 
added together to give the total pathology score for each 
animal. 
Bacteriology 
Suspicious tissue specimens from the 30 slaughtered animals 
were collected in 5 ml of 0-9 per cent saline in universal bot- 
tles, and cultured on Lowenstein -Jensen medium according 
to Aranaz and others (2004). The cultures were incubated 
aerobically at 37'C for approXimately five to eight weeks and 
irispected weekly for colonies. Colonies were scraped off and 
heat-killed at 80'C for one hour and transported to the VLA 
for molecular typing. 
Molecular typing 
Forty-one isolates obtained from 17 of the 28 cows with 
gross TB lesions were spoligotyped. Mycobacterial DNA was 
extracted from the heat-killed cells by the procedure described 
by Kolk and others (1992) and Kox and others (1994), and 
spoligotyped as described by Kamerbeek and others (1997), 
with the minor modifications described by Banu and oth- 
ers (2004). In addition, 12 isolates were randomly selected 
and subjected to VNTR analysis by the method described by 
Frothingham and Meeker-O'Connell (1998), which included 
six exact tandem repeats. 
RESULTS 
Effect of repeated skin testing and segregation on 
the incidence of bovine TB 
Approximately half (48 per cent) of the herd was skin test 
positive at the first test in October 2002. On the basis of this 
result, the animals on the farm were classified as either'posi- 
tiVe'or'negative'and physically separated. This was followed 
by three consecutive rounds of testing on the negative herd 
and removal of the positive reactors to the positive 
herd. 
Table I shows the dates of the tests and their results. This 
procedure reduced the prevalence of bovine TB 
from 14 per 
cent to 1 per cent in a year. The reduction in the proportion 
of positive reactors was significantly associated 
(P<0-0 1) with 
the repeated tests and segregation. 
Clinical disease and lesions 
With the exception of a few animals that reached the pro- 
gressive stage of the disease, most of the animals 
from both 
the negative and positive herds showed similar physical char- 
acteristics. The average milk production of the two 
herds 
was similar during the study. However, there were sporadic 
deaths of reactor cows in the positive 
herd, and TB lesions 
were observed postmortem in different tissues. 
In addition, 
there were problems with breeding in the positive 
herd (the 
CIDT-poSitive animals), in that the cows 
did not come into 
oestrus and usually failed to conceive. 
Thirty of the reactors were examined postmortem. 
Gross 
tuberculous lesions were detected In 28 of them; 
lung lesions 
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'TABLE 3: sev 
E hi i 
erity and distribution of lesions of bovine tube rculosis (TB) (patholo gy score) in the. lymph nodes of 30 sW n test-posiove co ws at Holeta farm, central 
t op a 
Mdndibular Retropharyngeal 
Cow (left and right) (lateral and medial) Cranial mediastinal Caudal mediastinal Left bronchial Right bronchial Mesenteric Totaiscore 
1 0 3 3 3 2 2 0 13 
2 0 0 0 1 0 0 0 1 
3 0 0 0 1 0 0 0 1 
4 0 0 0 0 0 2 0 2 
5 0 0 0 2 0 1 2 5 
6 0 2 3 0 0 0 0 5 
7 0 0 0 0 0 0 2 2 
8 0 0 1 1 1 1 0 4 
9 0 0 1 1 1 2 2 7 
10 0 0 0 0 0 0 0 0 
11 0 0 1 1 1 1 0 4 
12 0 0 0 0 0 0 0 0 
13 0 0 3 3 3 3 3 15 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Number of animals 
0 
0 
3 
2 
0 
0 
0 
2 
o0 
11 
o2 
33 
22 
o2 
o0 
33 
o3 
00 
33 
01 
00 
23 
23 
02 
0 
0 
0 
3 
2 
0 
0 
3 
0 
0 
1 
2 
2 
18 
7 
6 
3 
15 
3 
2 
15 
2 
1 
9 
12 
3 
16 
with Ts lesions 0 10 14 21 14 13 11 28 
were detected in nine and 27 had lesions in the lymph nodes. 
The lesions were more frequent and severe in the diaphrag- 
matic lobes of both lungs than in the apical lobes (Table 2). 
The mediastinal, bronchial and retropharyngeal lymph nodes 
were the most frequently and severely affected lymph nodes; 
no lesions were found in the mandibular lymph nodes (Table 
3). Lesions were also found in the mesenteric lymph nodes 
of II cows. However, 10 of these cows also had lesions in 
the lymph nodes of the thoracic cavity. The most commonly 
observed microscopic lesions were characterised by a central 
necrosis with mineralisation surrounded by a granulornatous 
inflammatory response (data not shown). Macrophages and 
epithelioid cells were aggregated around the necrotic lesions, 
forming Langerhan's giant cells (data not shown). In eight 
of 27 of the cattle examined postmortem the disease was 
disseminated, as defined by the presence of lung lesions in 
more than five lobes and/or lesions in the head and thoracic, 
or thoracic and mesenteric: lymph nodes, with a total lymph 
node score of more than 10 (Tables 2,3). 
Baderiology 
Growth of mycobacteria was observed in 17 of the 20 animals 
whose tissues samples were properly processed for cultur- 
ing. Samples from 10 animals were destroyed owing to the 
prolonged application of sodium hydroxide to the first batch 
of samples for the purpose of decontamination. A total of 41 
isolates were recovered from the second and third batches 
of samples obtained from different tissues from 17 of the 20 
animals, and these were subjected to molecular typing. 
Spollgotype pafterns and VNTR profile 
The 41 isolates had an identical spoligotype pattern, which 
can be represented as the binary number 110000010111111 
0111111100010000000000100000, in which I indicates the 
presence of a spacer and 0 indicates a loss. Spacers 3,9,16 and 
39 to 43, which are absent from M bovis strains, were absent 
from all the isolates, with two gaps as a result of the absence 
of spacers 3 to 7 and 28 to 37 (Fig 1). In addition, spacers 
24 to 26 were absent from the strain. The farm appeared to 
be infected with a single strain of M bovis. The new strain 
was named Ethiopian M bovis strain 1 (EMbsl) indicating the 
first spoligotype pattern of M bovis identified in Ethiopia. 
This strain had not previously been reported on the M bovis 
spoligotype database (www. mbovis. org) and was given the 
reference number SB 1176. As with EMbsi, all the isolates that 
were analysed by VNTR had an identical profile: 5254*33.1. 
Spacer 
-- 
1 21 3 41 5 6 71 81 91 101 11 12 13 14 15 16 1 81 191 201 2l 22 23 24 251 261 27 8 291 9 9 301 311 321 33 34 35 361 371 38 39 401 411 421 
H37Rv M M M El m MI N M MI NI N 
IM M a a MI NI M M NJ i n 0 0 MI NI M M M MI NI MI I MI N M 0 a 0 0 
EMbsj 
[ g [ 1 
BCG 0 0 M 0 0 0 NJ 
- 
I 
- 
S N 
LE 
0 0 M 0 
1 
0 M M IM IMI N a 0 M 0 0 M 
2122 M 1 T T 
- FIG i: Spoligotype pattern of the 41 isolates obtained from 17 skin test-positive dairy cows at Holeta farm, central Ethiopia. All the isolates were identical 
and of the same strain (EMbsl), which did not have spacers 4 to 7,24 to 26 and 28 to 37, in addition to those absent from all Mycobacterium bovis strains. 
its spoligotype pattern is compared with those of three other strains: H37Rv (Mycobaderium tuberculosis strain), BCG strain and strain 2122 (sequenced 
m bovis strain) 
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DISCUSSION 
The incidence of positive reactors was reduced significantly 
on the farm by the application of consecutive rounds of skin 
testing and segregation. After the first test, the farm was 
divided into positive and negative herds. The two herds were 
kept 1 kin apart, there was no physical contact between them 
and the negative herd was at a higher elevation than the posi- 
tive herd. The animals in the two herds were fed and watered 
in a similar way by the same management, but with different 
staff working with the two herds. Three consecutive tests at 
intervals of four months were applied to the negative herd 
after the first test, and any positive reactors were removed 
and mixed with the positive herd. As a result, the incidence 
of skin test-positive reactors was reduced from 14 per cent 
to 1 per cent within a year. The results therefore agree with 
previous findings (Proud 2006) that once reactors and non- 
reactors are physically separated, cattle-to -cattle transmis- 
sion of the disease is significantly reduced, highlighting the 
potential effectiveness of this strategy for controlling bovine 
TB. Nevertheless, it is necessary to continue the test and seg- 
regation policy for some time to maintain a low transmis- 
sion rate until the disease is eradicated. There is a need for 
continued vigilance, by the continuation of regular skin test- 
mg and the application of other immunological tests, such 
as the gamma-interferon (IFN-Y) test, to remove as many of 
the infected animals as quickly as possible. This recommen- 
dation is based on the observation reported in many studies 
(Vordermeier and others 2006) that the populations recog- 
nised by tuberculin skin testing and IFN-Y testing are not fully 
overlapping and that the optimal method for detecting the 
maximum number of infected cattle woqld be the applica- 
tion of both tests in parallel. 
With the exception of a few animals that reached the pro- 
gressive stage of the disease, that is having clinically overt 
signs such as respiratory distress or weight loss, most of the 
animals in both the negative and positive herds had similar 
physical characteristics. It has been reported that before the 
introduction of effective control measures, 90 per cent of 
tuberculous cattle have lesions in the lymph nodes (Francis 
1958, Collins 1996), and the present results provide further 
evidence for this (Table 2). The lesions were more frequent 
and severe in the diaphragmatic lobes of both lungs, in agree- 
ment with the results of studies by McIlroy and others (1986), 
which indicated that 46 per cent of the lung lesions were in 
the distal part of the diaphragmatic lobe. Ninety per cent of 
the lymph node lesions were in the thoracic lymph nodes, 
although they were also present in the mesenteric lymph 
nodes of 30 per cent of the animals. However, 10 of 11 of 
the reactors with mesenteric lesions also had lesions in the 
lymph nodes of the thoracic cavity, and only one had lesions 
confined to the mesenteric lymph nodes, suggesting that an 
infection of the alimentary tract alone may be uncommon 
and that aerogenic infection is the predominant route of 
infection in intensive farms (Menzies and Neill 2000, Ameni 
and others 2006) such as the Holeta farm. 
The spoligotype patterns of all the isolates were identical. 
Similarly, the VNTR profiles of randomly selected isolates were 
also identical, suggesting that all the animals in the herd were 
infected with one strain of M bovis with a different spoligo- 
type pattern from those previously reported in either Africa 
(Njanpop-Lafourcade and others 2001, Cadmus and others 
2004) or other parts of the world (Aranaz and others 1996, 
de La Salmomere and others 1997, Goyal and others 1997, 
Lutze-Wallance and others 2005). Furthermore, the VNTR 
profile of the strain was different from those reported 
in 
Great Britain by Smith and others (2003). The predominance 
of a single M bovis strain in a local area has been noted 
before; 
in Great Britain there is a distinct geographic localisation of 
M bovis molecular types (Smith and others 2003). 
The farm 
history indicated that once it had been established no new 
animals were introduced into it. As a result, it is difficult to 
establish the source of the infection, but it is possible that it 
was through the in I animal when i troduction of an infected 
the farm was established, or from a wildlife reservoir in the 
area, or from feeding on pasture or hay contaminated with 
the excretions of an infected herd owned by a local farmer. To 
investigate the last two possibilities, studies will be needed to 
survey the molecular types of M bovIS present in local wildlife 
and tuberculous cattle from surrounding farms. 
Until an effective vaccine has been developed, testing 
herds using the CIDT and segregating the positive reactors 
could help to reduce the prevalence of bovine TB. This strat- 
egy must be complemented by the pasteurisation of milk. In 
addition, the molecular typing of strains of M bovIS from the 
different regions of Ethiopia would be useful for mapping its 
molecular epidemiology in the country. 
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A comparative study on the prevalence and pathology of bovine tuberculosis (TB) was conducted on 5,424 
cattle (2,578 zebus, 1,921 crosses, and 925 Holsteins), which were kept on pasture in the central highlands of 
Ethiopia, using a comparative intradermal tuberculin test, postmortem examination, and bacteriology. The 
overall prevalence of bovine TB was 13.5%; prevalence was higher in Holsteins than either zebus (22.2% versus 
11.611/c, X2= 61.8; P<0.001) or crosses (22.2% versus 11.9%, X2= 50.7; P<0.001). Moreover, the severity of 
pathology in Holsteins (mean ±: standard error of the mean [SEM], 6.84 :t0.79) was significantly higher (P = 
0.018) than the severity of pathology in zebus (5.21 :t0.30). In addition, the risk of TB in Holsteins was more 
than twice (odds ratio [OR] = 2.32; 95% confidence interval [CI] = 1.89,2.85) that in zebus. Animals between 
5 and 9 years of age were at higher (OR = 2.37; 95% CI = 1.80,3.12) risk of bovine TB than those 2 years of 
age or below. A significant difference (X2 = 351; P<0.001) in the occurrence of TB lesions in lymph nodes was 
recorded; the mesenteric lymph node (mean pathology score ± SEM, 1.95 ± 0.08) was most severely affected, 
followed by the retropharyngeal (0.80 ± 0.05) and caudal mediastinal (0.8 ± 0.06) lymph nodes. Fifty-six 
percent (n = 145) of the animals with gross TB lesions were culture positive; the lowest culture positivity was 
recorded in the skin lesions (27.3%) and the lesions of the mesenteric lymph node (31.5%). Both the skin test 
response and the postmortem findings suggested a higher susceptibility to bovine TB in Holsteins than zebus 
under identical field husbandry conditions (on pasture). In the light of increased numbers of Holstein cattle 
introduced into this area to raise milk production to satisfy the needs of Addis Ababa's growing population, 
these findings highlight the need for a control program in these herds. 
Bovine tuberculosis (TB) is caused by intracellular infection 
with the acid-fast bacterium Mycobactetium bovis. In cattle, 
exposure to this organism can result in a chronic disease that 
jeopardizes animal welfare and productivity and in some coun- 
tries leads to significant economic losses (36). Moreover, hu- 
m. an TB of animal origin caused by M. bovis is becoming 
increasingly important in developing countries. In sub-Saharan 
Mrica, humans and animals share the same microenvironment 
and water holes, especially during droughts and the dry season, 
thereby potentially promoting the transmission of M. bovis ftom animals to humans. In industrialized countries, bovine TB is controlled by testing and slaughter of animals and pas- 
teurization of milk, and therefore the risk of human infection is minimized. In Africa, however, bovine TB represents poten- tial health hazards for both animals and humans. Nonetheless, in most African countries, M. bovis infection remains an unin- 
veStigated problem (13). In general, the epidemiology and pub- lic health significance of bovine TB in Africa remain largely 
unknown. Many of the factors which account for this are po- 
Ponding author. Mailing address: Aklilu Lemma Institute of Pathobiology, Addis Ababa University, P. O. Box 1176, Addis Ababa, ENO ia. Phone, 251-1-112763091. Fax: 251-1-112755296. E-mail: 90benaameni@y' ahoo. com. 'Published 
ahead of print on 29 August 2007. 
litico-economic, including the high cost of testing, social unrest 
and ethnic war, displacement of large numbers of human and 
animal populations, and a lack of veterinary expertise and 
communication networks, as well as insufficient collaboration 
between neighboring countries (6). Moreover, scarce human 
and financial resources are absorbed by action against the 
incidence of other acute and fatal diseases, such as contagious 
bovine pleuropneumonia, foot and mouth disease, African and 
classical swine fever, and parasitic diseases (6). 
In Ethiopia, although the endemic nature of bovine TB has 
been known since 1967, little information about its epidemiol- 
ogy and its public health significance is available. 
It is esti- 
mated that 82% of the milk is supplied unpasteurized 
by intra- 
and peri-urban producers to consumers, while only 
18% is 
supplied by dairy enterprises in pasteurized 
form. The central 
highlands, mainly Selalle and Holeta (Fig. 1), are the major 
dairying areas, and as a result they are the main sources of milk 
for Addis Ababa, Ethiopia's capital and main urban population 
center, where 8% of its inhabitants 
live. Furthermore, farmers 
in Selalle and Holeta are conscious of the milk market and 
produce milk for commercial sale, unlike the majority 
of Ethi- 
opian farmers, who produce milk 
for home use. In Selalle and 
Holeta, farmers keep high-yield crossbred (zebu X 
Holstein) 
and Holstein dairy cattle mainly 
for milk production alongside 
native zebu breeds. it is of paramount 
importance to assess the 
1356 
VOL. 14,2007 
FIG. 1. Map of the study area. Selalle and Holeta are known for 
their dairy production. Farmers in these areas keep three major breeds 
of cattle (Holstein, zebu, and Holstein x zebu) under similar condi- 
tions. Unlike the majority of Ethiopian farmers, who use milk for home 
consumption, farmers in Holeta and Selalle sell milk, and the two areas 
are the major sources of milk for Addis Ababa. 
difference in susceptibility to bovine TB among the native 
zebus and the exotic Holsteins or their crosses with zebus kept 
under identical husbandry conditions. Thus, this study was 
designed to compare the prevalence and severity of bovine TB 
among zebus, Holsteins, and zebu-Holstein crosses kept on 
pasture by traditional farmers in central Ethiopia. 
MATERIALS AND METHODS 
Study area and animals. The study was conducted in two areas (Fig. 1), 
namely, West Shewa (Holeta area) and North West Shewa (commonly called 
Selalle), which are located in the central highlands of Ethiopia. The climate of 
the two areas is predominantly temperate and thus conducive to dairy produc- 
tion. Smallholder farmers rear dairy cattle for production of milk that is sold to 
consumers. These areas were selected because relatively high concentrations of 
Holsteins and/or crosses are found alongside native zebus (mainly of the Arsi 
breed). In addition, the two study areas are among the few areas of Ethiopia 
where the two types of cattle and their cross-breeds are kept under similar 
conditions by traditional farmers, making a comparative study possible. The 
study districts and villages were further selected on the basis of the concentration 
of Holsteins and their interaction with zebus. The total number of Holsteins and 
crosses in the study areas is estimated to be 40,000, of which about 30,000 are 
managed under a traditional farming system (grazing in the field) by local farmers, 
wNle the other 10,000 are managed under intensive or semi-intensive fanning 
conditions by members of the private sector (investors). AJI of the farmers who keep either Holsteins or crosses also keep zebus, as keeping the former breed is 
3 new development in the area. The average herd size (at household level) in 
traditional cattle farming was 10, half being Holsteins and/or crosses and the 
other half being zebus. The ratio of Holsteins to zebus in the study herds was 1: 3, 
while that of Holsteins to crosses was 1: 2. The total number of herds containing 
mixed breeds under traditional management in the study area was estimated to be 6,000; the majority of the farmers keep zebus alone. Study animals were 'elected from herds with at least one Holstein or cross that was kept with zebus. Thus, 100% of the sampled herds keep zebus as well as either Holsteins, crosses, or both. For the present study, a total of 573 herds (10% of the target herds) were randomly selected and tested. Once herds were selected, all cattle within the herds over 6 months of age were tested. The numbers of cattle included in this study also constituted about 10% (2,846 = 925 Holsteins and 1,921 crosses) of the crosses 
, /Holsteins and 9% (2,578) of the zebus in the target population. The age structures of all the three breeds were similar, as all three breeds were kept for the same Purposes, i. e., females were predominantly for milk production while males were for plowing. Moreover, the body conditions of the three breeds were similar, as they were managed under identical husbandry systems. 
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Comparative intradermal tuberculin test. Purified protein derivatives (PPDs), 
which are crude proteins extracted from mycobacteria, were used for this study. Avian PPD (PPD-A) is extracted from Mycobactetium avium, while bovine PPD (PPD-B) is extracted from M. bovis. The two antigens were used to increase the 
specificity of the skin test. For each of the 5,424 cattle, two sites on the right side of the mid-neck, 12 cm apart, were shaved, and the skin thicknesses were 
measured with calipers. One site was injected with an aliquot of 0.1 ml containing 2,500 IU/ml PPD-B (Veterinary Laboratories Agency, Addlestone, Surrey, 
United Kingdom). Similarly, 0.1 ml of 2,500 IU/ml PPD-A (Veterinary Labora- 
tories Agency) was injected into the second site. After 72 h, the skin thickness at 
the injection sites was measured, and the difference between the reaction sizes at 
the two injection sites was determined. An animal was classified as tuberculin 
positive if the increase in the skin thickness at the injection site for PPD-B was 
at least 4 mm greater than the increase in skin thickness at the injection site for 
PPD-A. In addition, to assess skin test responses to PPD-A and PPD-B individ- 
ually, skin indurations greater than 4 mm after each PPD injection were consid- 
ered positive. 
Body condition scoring. The body condition of each of the study animal was 
scored using the guidelines established by Nicholson and Butterworth (32). 
Accordingly, on the basis of observation of anatomical parts such as vertebral 
column, ribs, spines, tip of tail, etc., the study animals were classified as lean 
(score, I to 3), medium (4 to 6), or fat (7 to 9). 
Postmortem examination and pathology scoring. A total of 153 animals (80 
Holsteins and 73 zebus) with positive skin test reactions were slaughtered for 
postmortem examination and pathology scoring. All 73 zebus and 50 of the 80 
Holsteins were obtained from grazing herds that were kept under identical 
traditional cattle management systems, while 30 of the Holsteins were obtained 
from an intensive herd; these 30 were not used for comparison of severity of 
pathology between the two breeds to avoid the bias that could be caused by the 
intensive husbandry. These 123 cattle were obtained from among the 5,424 cattle 
tested for bovine T13 prevalence and were selected on the basis of the level of skin 
indurations and willingness of the owners to sell them for this research purpose. The 
spectrum of PPD-13 and PPD-A responses was similar between the two breeds, and 
each animal was selected when the difference between the response to PPD-and the 
response to PPD-A was greater than 4 mm. 
The lungs and lymph nodes were removed for the investigation of lesions. The 
seven lobes of the two lungs, including the left apical, left cardiac, left diaphrag- 
matic, right apical, right cardiac, right diaphragmatic, and right accessory lobes, 
were inspected externally and palpated. Then, each lobe was sectioned into 
-2-cm-thick slices to facilitate the detection of lesions. Similarly, lymph nodes, 
namely, the mandibular, medial retropharyngeal, cranial and caudal mediastinal, 
left and right bronchial, hepatic, and mesenteric lymph nodes, were sliced into 
thin sections (circa 2 mm thick) and inspected for the presence of visible lesions. 
When gross lesions suggestive of bovine TB were found in any of the tissues, the 
animal was classified as having lesions. The severity of the gross lesions was 
scored by the serniquantitative procedure developed by Vordermeier et al. (43), 
with minor modifications to facilitate performance under field conditions (I). 
Briefly, lesions in the lobes of the lungs were scored separately as follows: 0= no 
visible lesions; I= no gross lesions but lesions apparent on slicing of the lobe; 
2= fewer than five gross lesions; 3= more than five gross lesions; 4= gross 
coalescing lesions. The scores for the individual lobes were added up to calculate 
the lung score. Similarly, the severity of gross lesions in individual lymph nodes 
was scored as follows: 0= no gross lesions; I= small lesion at one focus 
Oust 
starting); 2= small lesions at more than one focus; 3= extensive necrosis. 
Individual lymph node scores were added up to calculate the lymph node score. 
Finally, both lymph node and lung pathology scores were added up to determine 
the total pathology score per animal. 
isolation of mycobacteria. Suspicious tissues from 145 cattle were 
further 
processed for isolation of mycobacteria in accordance with 
Office International 
de Epizooties (4) protocols. Briefly, tissue specimens for culture were collected 
in sterile universal bottles in 5 ml of 0.9% saline solution and then 
transported 
to the laboratory by maintaining a cold chain. In the laboratory, the specimens 
were sectioned using sterile blades and then 
homogenized with a mortar and 
pestle. The hOrnogenate was decontaminated 
by adding an equal volume of 4% 
NaOH by centrifugation at 3,000 rpm for 15 min. 
The supernatant was discarded, 
and the sediment was neutralized by 1% (0.1 
N) HCI using phenol red as an 
indicator. Neutralization was achieved when the color of the solution changed 
from purple to yellow (5). Next, 0.1 rni of suspension 
from each sample was 
spread onto a slant of Lowenstein-Jensen medium. 
Duplicate slants were used, 
one enriched with sodium pyruvate and one enriched 
with glycerol. Cultures 
were incubated aerobically at 37*C for about 
5 to 8 weeks with weekly observa- 
tion for growth of colonies. 
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TABLE 1. Association of host-related risk factors with the 
prevalence of bovine 
'FB in the central highlands of Ethiopia, 
determined using multivariable analysie 
No. (%) of animals 
Factor Examined 
Positive 
for TB 
OR (95% Cl) 
Crude Adjusted 
Sex 
Male 2,289 316(13.8) 1 1 
Female 3,135 416(13.3) 0.96 (0.82,1.12) 0.94 (0.79,1.11) 
Breed 
Zebu 2,578 298(11.6) 1 1 
Cross 1,921 229(11.9) 1.04 (0.86,1.26) 1.14 (0.94,1.38) 
Holstein 925 205(22.2) 2.18 (1.88,2.65) 2.32 (1.89,2.85) 
Age ýr) 
<2 892 73(8.2) 1 1 
2-5 1,868 237(12.7) 1.63 (1.24,2.15) 1.63 (1.23,2.16) 
5-9 1,792 317(17.7) 2.41 (1.84,3.15) 2.37 (1.80,3.12) 
>9 872 105(12.0) 1.54 (1.12,2.10) 1.51 (1.09,2.09) 
Body condition 
Lean (thin) 1,373 152(17.1) 11 
Medium (meat) 3,802 511(13.4) 1.25 (1.03,1.51) 1.13 (0.93,1.39) 
Fat 249 69 (27.7) 3.08 (2,23,4.26) 2.53 (1.80,3.57) 
I Both crude and adjusted ORs were used to assess the level of association of 
prevAnce with the different host factors. 
Data analysis. Individual animal prevalence was defined as the number of 
positive reactors per 100 animals tested. Logistic regression analysis was used to 
assess the association between prevalence and animal risk factors using STATA 
statistical software (STATA Corporation, College Station, TX). The differences 
in prevalence between the different breeds and proportions were compared using 
the dose format of Epitable (Epinfo, version 6). The difference between the 
effects of different risk factors on prevalence was analyzed using the Pearson 
chi-square (X') test. The odds ratio (OR) was calculated to assess the strength of 
association of different factors with the prevalence of bovine TB. The Mann- 
Whitney test was used to compare pathology scores between cattle types. 
RESULTS 
Prevalence of bovine TB assessed by tuberculin skin testing. 
The overall prevalence of bovine TB, as judged by the number 
of skin test-positive cows, was 13.5% (n == 5,424) in dairy cattle 
reared in the central highlands of Ethiopia. The prevalence of 
bovine TB was significantly higher in Holsteins than in either 
zebus (predominantly of the Arsi breed) (22.2% versus 11.6%, 
X2 = 61.8; P<0.001) or zebu-Holstein crosses (22.2% versus 
11.9%, X2 = 50.7; P<0.001). In contrast, the skin test prev- 
alence difference between zebus and crosses was not statisti- 
cally significant (X2 = 0.11; P=0.74). The results of a logistic 
regression analysis of host risk factors for bovine TB are pre- 
sented in Table 1. Multivariable logistic regression analysis 
showed that Holsteins were more than twice as likely to 
present as tuberculin positive, i. e., infected with M. bovis, than 
zebus (OR = 2.32; confidence interval [CI] = 1.89,2.85). Similarly, animals between 5 and 9 years of age were at a higher risk of infection (OR = 2.37; CI = 1.80,3.12) with TB than those 2 years of age or below. 
Relationship between skin reactions to PPD-B and PPD-A. To assess individual skin test responses to PPD-A and PPD-B, skin indurations greater than 4 mm after PPD injection were considered Positive. A strong association (Pearson X2 = 1,300; P'ý 0.001) between skin reactions to PPD-A and PPD-B was noted. As indicated in Table 2,4.8% of the study animals responded Positively to both PPD-A and PPD-B. On the other 
CLIN. VACCINE IMMUNOL. 
TABLE 2. Responses to PPD-A and PPD-BI 
No. (%) of animals with 
PPD-A result PPD-B result Total no. 
Positive Negative 
Positive 258(4.8) 68(1.3) 326(6.1) 
Negative 474(8.7) 4,624 (85.3) 5,098 (93.9) 
Total 732(13.5) 4,692 (86.5) 5.424(100) 
' Positive and negative reactions were defined as skin indurations of >4 nim 
and : 54 mm, respectively. Pearson X2 = 1,300; P<0.001. 
hand, 8.7% of them reacted only to PPD-B, while 1.3% reacted 
only to PPD-A. 
Necropsy findings. Lesion distribution and disease severity 
were established in 153 skin test-positive animals that had 
gross pathological lesions typical of bovine TB when examined 
postmortem. Gross lesions typical of bovine TB were detected 
in 95% (145/153) of the reactor animals studied. The occur- 
rence of TB lesions in the lymph nodes and lungs is presented 
in Table 3 as percentage of total animals assessed. A significant 
difference (X' = 351; P<0.001) in the tropism of TB lesions 
in lymph nodes was found: the percentage of mesenteric lymph 
nodes containing lesions was highest (94.5%), followed by re- 
tropharyngeal (74.5%) and caudal mediastinal lymph nodes 
(64.4%). In contrast, no tropism of TB lesions for particular 
parts of the lung was observed (X2 = 4.43; P=0.49). 
Figure 2 shows the severity of pathology of bovine TB de- 
termined using a serniquantitative scoring system (1,43). Ex- 
tending the findings presented in Table 3, the mesenteric 
lymph nodes constituted the most severely affected lymph 
nodes (mean pathology score 4- standard error of the mean 
[SEM], 1.95 ± 0.08), followed by retropharyngeal (0-80 ± 0.05) 
and caudal mediastinal (0.8 ±- 0.06) lymph nodes. The severity 
of pathology in Holstein and zebus was also assessed, and as 
shown in Fig. 3, the severity of pathology in Holsteins (mean 
pathology score ±- SEM, 6.84 ± 0.79; median score [range], 6.0 
TABLE 3. Distribution of tuberculous lesions in the lymph nodes 
and lobes of lungs of 145 skin test positive cattle with lesions 
in at least one tissue or organ 
Tissue 
No. (%) of animals 
X2; P 
Examined Positive 
Lymph nodes and skin 351; 
0.0000 
Mandibular 145 19(13.1) 
Retropharyngeal 145 108(74.5) 
Cranial mediastinal 145 54(37.2) 
Caudal mediastinal 145 92(63.4) 
Left bronchial 145 59(40.7) 
Right bronchial 145 49(33.8) 
Mesenteric 145 137(94.5) 
Skin 145 11(7.6) 
Lobes of lungs 
4.43; 0.49 
Left apical 145 
145 
6(4.1) 
10(6.9) Left cardiac 
Left diaphragmatic 145 10(6.9) 
Right apical 145 
145 
8(5.5) 
6(4.1) 
Right cardiac 
Right diaphragmatic 145 13(9.0) 
Right accessory 145 
11(7.6) 
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FIG. 2. Mean pathology scores of lymph nodes. Pathology scores 
were determined as defined by Vordermeier et al. (43). Results are 
expressed as the mean score for each lymph node -- SEM. 
[2 to 42]) was significantly higher (P = 0.018, Mann-Whitney 
test) than the severity of pathology in zebus (5.21 -- 0.30; 5.0 [1 
to 171). 
Bacteriology. Fifty-six percent (81/145) of the animals with 
gross TB lesions yielded a positive culture from at least one 
lymph node or other tissue sample. As indicated in Fig. 4, the 
highest proportion of culture positivity (71.43%) was observed 
in right bronchial lymph nodes, while the lowest percentage 
was observed in the skin (27.3%) and in the mesenteric lymph 
nodes (31.5%). However, culture positivity of suspicious le- 
sions did not differ (X2 = 0.13, P == 0.72; comparison of pro- 
portions by use of the dose format of Epitable [Epinfo, version 
61) between Holstein (54%, n= 50) and zebu (5 1 %, n= 73) 
breeds kept under identical field husbandry conditions. 
DISCUSSION 
The prevalence of bovine TB recorded by the present study 
(13.5%) is moderate. Previously, a similar prevalence (14.2%, 
n= 416) (3) was reported for Wolaita Soddo, in southern 
Ethiopia, where cattle farming is similar to that in the central 
highlands. In both locations, farmers keep cross-bred cattle 
and Holsteins in addition to zebus for milk production. Large 
numbers of cattle were enrolled in the present study, and the 
area coverage was also larger than in previous studies. Thus, 
the results of this study represent an accurate picture of the 
disease in parts of the country where farmers keep three dif- 
8 
ý 
0 
Breed 
FIG. 3, Mean pathology score in skin test-positive cattle assessed in thi. s study. These animals-were selected from among skin test-positive animals on the basis of the size of skin inclurations and willingness of the owners to sell. The pathology was significantly severe (P = 0.0 18, Mann-Whitney 
test) in Holsteins (n = 50) than in zebus (n = 73) under identical husbandry conditions. 
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FIG. 4. Rate of culture positivity of suspicious tissues obtained from 145 animals with gross tuberculous lesions, as confirmed by the 
observation of acid-fast bacilli in the colonies. Culture positivity did 
not differ (X 2=0.13, P=0.72) between Holsteins (54%, n= 50) and 
zebus (51%, n= 73) kept under identical field husbandry conditions. 
ferent breeds (zebu, zebu X Holstein, and Holstein) under 
field (semiextensive) management conditions. However, a 
lower prevalence (4.1%; n= 460) was reported for zebu cattle 
under traditional management in the Boji district of western 
Ethiopia (22). In contrast, a significantly higher prevalence of 
positive skin test results (46.8%; n=1,171) was reported for 12 
intensive dairy farms which keep crossbreed and Holstein cat- 
tle (2). Thus, as also indicated by previous studies (1), the 
prevalence of bovine TB is predominantly affected by cattle 
management and, to a lower degree, by cattle breed. The result 
of the present study showed that the prevalence of bovine TB 
was significantly higher in Holsteins than in crosses or in zebus 
kept under identical husbandry conditions. Furthermore, al- 
though the distribution of the pathology in reaction -positive 
animals of the two breeds was comparable, the severity of 
pathology was significantly higher in Holsteins than in Arsi 
zebus. This study therefore extends an earlier pilot study that 
also showed a trend of lower pathology scores in zebus, al- 
though because fewer animals were assessed in the earlier 
study, the difference in disease severity was not statistically 
significant (1). Historical reports also indicated that Bos taurus 
taurus animals (the group to which Holsteins belong) are more 
susceptible to bovine TB than Bos taurus indicus, i. e., zebus (9, 
37), although few contemporary data, particularly on African 
cattle and on Holstein cattle versus native breeds, are avail- 
able. Our study therefore substantiates and extends these ear- 
lier findings. 
Experimental studies also support the notion of susceptibil- 
ity differences between B. t. taurus and B. t. indicus breeds: 
experimental M. bovis infection of calves of taurine cattle and 
zebus with 50 mg of a bovine strain of the tubercle 
bacillus with 
standard virulence indicated marked resistance 
in zebu calves, 
while calves of Ankole (taurine cattle of African origin) and 
European breeds were susceptible (9). Thus, in general, in- 
creased resistance to bovine TB has been attributed to zebu 
breeds, and the significance of different breed susceptibilities 
in cattle in developed countries, which are almost exclusively 
of 
B. t. taurus background, has been discounted 
(34). The gene 
Nramp] has been shown to correlate with resistance to 
Brucella 
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abortus and M. 
bovis BCG in cattle (36). In mice, the Nramp] 
Protein plays an 
important role in resistance (17). This protein 
is a divalent cation 
transporter and has affinity for both iron 
and manganese 
(19,20). However, Nrampl polymorphisms 
associated with resistance 
in mice failed to protect cattle 
against TB (7). In humans, some evidence predicts a role 
for 
Nramp in resistance (21). However, to reach a conclusion, 
more extensive studies are needed to define such resistance 
genes, which could help to support targeted breeding strategies 
for developing more resistant cattle breeds (25,27,42). Other 
factors, such as nutrition, also influence the susceptibility of 
cattle to bovine TB- In a case control study, Griffin et al. (18) 
found an association between recurrent herd outbreaks of bo- 
vine TB and the presence of rough grazing, which suggested 
that nutritional deficiencies lead to reduced resistance to bo- 
vine TB. Doherty et al. (14) demonstrated significantly lower 
numbers of lymphocyte subpopulations in nutritionally defi- 
cient cattle. Susceptibility to M bovis infection may also be 
enhanced in cattle persistently infected with immunosuppres- 
sive viruses, such as bovine viral diarrhea virus or bovine im- 
munodeficiency virus (28). Similarly, responses to the tubercu- 
lin skin test depend on the capabilities of the cellular immune 
response, which in turn is affected by the level of nutrition in 
terms of protein energy and micronutrients (35). Thus, animals 
in good physical condition respond to tuberculin skin tests 
better than those in poor physical condition, as was also ob- 
served in this study. 
The proportion of reaction-positive animals increased with 
age, reaching a maximum in animals between 5 and 9 years of 
age and then declining. Similarly, studies in Canada and North- 
ern Ireland indicated an increased incidence of bovine TB with 
increased age (30). The reason could be, as suggested earlier 
by Mackay and Hein (24), the possible influence of -y8 T cells, 
which are predominantly found in the circulation of young 
calves. Previous studies have shown the role of ýyB T cells in 
antimycobacterial immunity (41). It has been suggested that 
increased incidence of TB in older animals can be explained by 
a waning of protective capability in aging animals, as experi- 
mentally confirmed in the murine system (33). Furthermore, it 
could be due to the increase in the likelihood of encountering 
A bovis over a longer period (8). The difference in results 
between cattle of different ages could also be a result of the 
slow progression of disease to a detectable level. 
The frequency and severity of the lesions were higher in the 
mesenteric lymph nodes than the thoracic lymph nodes. This 
result differed from results of previous studies, which reported that 90% of TB lesions occur in the respiratory system in developed countries (11,12,15,16,23,26,31,40,44). In 
another study conducted on 2,886 cattle, 57% had lesions in the thoracic cavity, while only 3% had lesions solely in the 
Mesenteric lymph nodes (31). However, these studies were 
conducted in developed countries with different, and in most 
cases more intensive, husbandry systems. Therefore, respira- tory excretion and inhalation of M bovis are considered the main route by which animal-to-animal transmission occurs in developed countries (15,39). In contrast, the result of the Present study could suggest that shedding of M bovis in the feces and ingestion of the bacilli with contaminated pasturage and/or water may be the main route of transmission in cattle kept on pasture, as the mesenteric lymph node was found to be the 
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main lesion-containing site. Nevertheless, in developed 
countries, shedding of M. bovis in urine and feces is consid- 
ered to be an insignificant feature of disease transmission in 
cattle (19,29). 
Reaction bias to M. avium PPD could be due to infection 
with Mycobactelium avium subsp. avium and Mycobacten'u"? 
avium subsp. paratuberculosis. M. avium subsp. paratuberculosis 
causes paratuberculosis and is transmitted by the fecal-oral 
route (5). Cattle, the most affected species, are most suscepti- ble to infection when they are young (10). M. avium subsp. 
paratuberculosis is zoonotic and was recently isolated from the 
blood, urine, sputum, feces, and biopsy samples of an AIDS 
patient (38). Therefore, the large proportion of PPD-A-biased 
reactions could be due to M. avium subsp. paratuberculosis, 
which also has both zoonotic and economic significance and 
hence requires further investigation. 
In conclusion, this study determined the prevalence, based 
on skin test reactivity, of bovine TB in cattle reared under 
low-intensity farming conditions in the central highland of 
Ethiopia. The prevalence was significant yet considerably 
lower than in cattle reared under more intensive farming con- 
ditions. We also found significantly lower prevalence in native 
zebu breeds than exotic Holstein cattle; this difference in breed 
susceptibility was also highlighted by the demonstration of 
increased disease severity in Holsteins. In the light of the 
introduction of increased numbers of Holstein cattle into this 
area to raise milk production to satisfy the needs of Addis 
Ababa's growing population, these findings highlight the need 
for a control program in these herds. 
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Accurate detection and removal of infected cattle, using immunodiagnostic tests such as the comparative 
intradermal tuberculin (CIDT) test, are the basis of control strategies for bovine tuberculosis (TB). According 
to the Office des Internationale Epizooties recommendation, the cutoff point for positivity of the CIDT test, 
calculated as the difference between skin thicknesses after bovine tuberculin (B) and avian tuberculin (4) 
injections (B - A), is >4 mm. This cutoff point is used worldwide, although it is likely that local conditions 
influence test performance. Thus, this study was formulated to determine CIDT test cutoff points applicable to 
cattle in central Ethiopia. Receiver operating characteristic analysis was performed for the CIDT test, using 
data from 186 Bos indicus (zebu) and Bos taurus (Holstein) cattle. Detailed postmortem examination for the 
presence of TB lesions was used to define disease status. At a cutoff of >2 mm, CIDT test sensitivity was M 
(95% confidence interval [95% CII, 58.5 to M), while it was 59% (95% CI, 49 to 69%) at a cutoff of >4 mm. 
In contrast, specificities of the CIDT test at these two cutoff values were identical, at 97% (95% C1,89 to 100%). 
Thus, the maximum sensitivity of the CIDT test can be realized using a >2-mm cutoff without affecting 
specificity. The apparent prevalence was significantly (X2 = 13.56; P<0.001) higher at a cutoff of >2 mm 
(16. Ko; n=5,424) than at a >4-mm cutoff (13.5%; n=5,424). Nonetheless, no significant difference (X2 = 2.15; 
P=0.14) in true prevalence was observed at a cutoff of >2 mm (19.6%) and at a cutoff of >4 mm (18.5%). Thus, 
our study demonstrates the importance of defining local, relevant cutoff values to maximize test sensitivity, and 
we suggest the application of the >2-mm cutoff for testing of cattle in central Ethiopia. 
The tuberculin skin test is the primary diagnostic test for 
tuberculosis (TB) in both humans and cattle. Tuberculins are 
crude antigen preparations derived from heat-killed cultures of 
mycobacteria and contain mixtures of proteins, polypeptides, 
flucleic acids, and substantial amounts of polysaccharides (4). 
The comparative intradermal tuberculin (CIDT) test involves 
the intradermal injection of tuberculins, purified protein de- 
rivatives (PPDs) from Mycobacterium bovis and Mycobactetium 
avium, and the subsequent detection of swelling and indura- 
tions at the injection site 72 h later. The relative change in skin 
thickness at the two sites is used to differentiate M bovis infection from infection with nontuberculous mycobacteria. 
According to the Office des Internationale Epizooties (OIE) 
(27) recommendation, the difference between the increase in 
skin thickness following the intradermal administration of bo- 
vine PPD (B) and the increase in skin thickness following the intradermal administration of avian PPD (A), B-A, should be >4 mm for the animal to be considered positive for bovine TB (bTB). Thus, the OIE advocates the use of this cutoff point for the diagnosis of bTB in live animals. Nonetheless, different 
cutoff values are applied according to a particular country's 
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disease status and the objective of its disease control program. 
Moreover, because the OIE cutoff value was established 
mainly in developed countries for Bos taurus cattle, it should be 
reevaluated in Bos indicus and in Bos taurus cattle under dif- 
ferent environmental conditions. In particular, the tuberculin 
skin test performance could be affected by environmental fac- 
tors, the prevalence of TB, host factors, (status of immunity, 
genetics, etc. ), and the nature of the tuberculin used (5). 
Therefore, the cutoff point ideal for one group in a specific 
geographic area may be less ideal for another group in another 
environment (32). 
In this study, the cutoff point of the CIDT test was assessed 
with the Ethiopian Arsi breed, which belongs to Bos indicus 
(zebu), and also with a mixed population of Holstein, Bos 
taurus, and Arsi breeds grazing together under identical 
hus- 
bandry conditions, using receiver operating characteristic 
(ROC) analysis. The standard used to define disease status was 
the result of postmortem examination, which involved 
detailed 
gross examination of the head, thoracic and abdominal 
lymph 
nodes, and lungs, using inspection, palpation, and 
incision of 
suspicious tissues into pieces for further visualization. 
In addi- 
tion, the true prevalence of bTB in 5,424 cattle was established 
by using the cutoff values of the CIDT test 
defined in this studý. 
MATERLAIS AND METHODS 
Study cattle. For ROC analysis, 161 Arsi and 
25 Holstein cattle "ere recruited 
from grazing herds that were kept under 
identical traditional cattle management 
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FIG. 1. ROC curves for the CIDT test in zebu cattle (blue line and 
symbols) and Arsi and Holstein cattle (red line and symbols). The 
ROC plots pass through the upper left comer, and the areas under the 
ROC curves are 0.87 and 0.89, for Arsi cattle and Arsi and Holstein 
cattle, respectively. Blue letters, Arsi cattle; red letters, Arsi and Hol- 
stein cattle. 
in central Ethiopia. The prevalence of bTB was assessed by using different cutoff 
points for a mixed population of a total of 5,424 Arsi, Arsi X Holstein, and 
Holstein cattle that were kept together in central Ethiopia; females were used for 
milk production, while males were used for plowing. 
CIDT test. Two sites on the right side of the mid-neck, 12 cm apart, were 
shaved, and the skin thicknesses were measured with calipers. One site was 
injected with an aliquot of 0.1 ml containing 2,500 IU/ml bovine PPD (Veterinary 
Laboratories Agency, Addlestone, Surrey, United Kingdom). Similarly, 0.1 ml of 
2,500-IU/ml avian PPD (Veterinary Laboratories Agency, Addlestone, Surrey, 
United Kingdom) was injected into the second site. After 72 h, the skin thick- 
nesses at the injection sites were measured. Cutoff points were assessed using 
ROC analysis. 
Postinortem examination. The lungs and lymph nodes were removed for the 
investigation of gross pathological lesions. The seven lobes of the two lungs, 
namely, the (i) left apical, (ii) left cardiac, (iii) left diaphragmatic, (Jiv) right 
apical, (v) right cardiac, (vi) right diaphragmatic, and (vii) right accessory lobes, 
were inspected externally and palpated. Each lobe was then sectioned into about 
2-cm-thick slices to facilitate the detection of lesions. Similarly, lymph nodes, 
namely, the (i) mandibular, (ii) medial retropharyngeal, (iii) cranial and caudal 
mediastinal, (iv) left and right bronchial, (v) hepatic, and (vi) mesenteric lymph 
nodes, were sliced into thin sections (circa 2 mm thick) and inspected for the 
presence of visible lesions. When gross lesions suggestive of bTB were found in 
anY of the tissues examined, the animal was classified as lesioned. Animals in 
which lesions were not found were classified as nonlesioned. 
Statistical analysis. ROC analysis was perfonned using Analyze-it software 
(Analyze-it Ltd., Leeds, United Kingdom) as an add-on to Microsoft Excel. Logistic regression analysis was used to assess the association between preva- lence and animal risk factors, including age and breed, using STATA statistical 
software (Stata Corporation, College Station, TX). The difference in prevalence 
Of bTB between breeds was analyzed using the EP16 dose version and was 
compared using the Pearson chi-square (X') test. Odds ratios were calculated to 
assess the strength of association of animal risk factor (age and breed) and the 
Prevalence of bTB. 
RESULTS 
ROC curve of CIDT test in zebus. To reevaluate the CIDT test cutOff point in a local Ethiopian context, ROC analysis was 
PerfOrmed using data from 161 Arsi cattle. These animals were 
subjected to skin testing and then slaughtered, and detailed 
POstmortem analysis was performed to define their disease status. The ROC curve is depicted in Fig. I (blue line). The 
area under the ROC curve (Fig. 1) was 0.87 (95% confidence interval [95% CI] = 0.82 to 0.92). Sensitivity and specificity 
were also recorded in relation to different values of the tabu- lated B-A differential (Table 1). For example, at a cutoff 
value of >2 mm, the sensitivity was 69% (95% Cl = 58.5% to 79%), while the specificity was 97% (95% CI = 89% to 100%). On the other hand, applying the OIE recommended cutoff of 
>4 mm, the sensitivity was lower, at 59% (95% CI = 4917c to 69%), without a gain in specificity compared to that with the 
>2-mm cutoff value. The difference in sensitivities of the CIDT 
test at a cutoff value of >2 mm and a cutoff of >4 mm was 
(Y2 = 3.45; P == 0.05) marginally significant Thus, a cutoff of 
>2 mm could be applied without a loss of specificity compared 
with that of the OIE-recommended >4-mm cutoff. Reducing 
the cutoff further resulted in a loss of specificity (Table 1). 
It would have been of interest to perform a similar ROC 
analysis with Holstein cows held in central Ethiopia. However, 
this was not possible because Holstein cattle, due to their 
immense value, are rarely sold, and skin test-negative animals 
were therefore unavailable for postmortem analysis. Thus, a 
separate ROC analysis for Holstein cattle was not possible. 
Therefore, we combined the data from a small set of skin 
test-positive Holstein cows that we were able to examine post- 
mortem with the results from the Arsi cattle in an additional 
ROC analysis to determine if this would change the result 
significantly, i. e., suggest that different cutoffs should be ap- 
plied for Holsteins and zebus. The results in Fig. I (red line) 
suggested that this was not the case, as the curve did not 
change and there were also almost identical areas under the 
curves, i. e., 0.89 (95% CI = 0.85 to 0.94) for the combined 
Holstein and Arsi cattle and 0.87 (95% CI = 0.82 to 0.92) for 
Arsi cattle alone. 
Apparent prevalence of bTB at cutoff points of >2 inm and 
>4 mm in zebu and Holstein cattle. In an earlier study, we 
assessed the skin test prevalence of bTB; in 5,424 cattle con- 
sisting of zebus, Holsteins, and their crosses, using the OIE- 
recommended cutoff value of >4 mm (2). Based on the results 
described in the previous section, we reanalyzed these data 
using a >2-mm cutoff point. The apparent prevalence at the 
>2-mm cutoff point was 16.0% (868/5,424 cattle), compared to 
13.5% (732/5,424 cattle) at the >4-mm cutoff point. Confirm- 
ing and extending our earlier results (2) for both cutoff points, 
the apparent prevalence was significantly higher in Holsteins 
TABLE 1. Sensitivities, specificities, and cutoff points of CIDT test 
for cattle in central Ethiopia a 
Cutoff 
value (mm) 
Sensitivity (95% Cl) Specificity (95% Cl) 
0 0 0.802 (0.708-0-876) 0.800 (0.682-0.889) . 0 5 0.802 (0.708-0.876) 0.815 (0.700-0-901) . 1 0 0.781 (0.685-0.859) 0.938 (0.850-0-983) 3 . 1 5 0.760 (0.663-0.842) 0.938 (0.850-0-98 )) . 2 0 0.688 (0.585-0.778) 0.969 (0.893-0.996) . 3 0 0.646 (0.542-0.741) 0.969 (0.893-0.996) . 5 3 0.604 (0.499-0.703) 0.969 (0.893-0.996) . 4.0 0.594 (0.489-0-693) 0.969 (0.8914.996) 89, -0.996) 969 (0 0 4.5 
5.0 
0.552 (0.447-0.654) 
0.469 (0.366-0.573) 
. . 0.985 (0.917-1-000) 
a Cutoff values ranging between >2 mm and 
4 mm (shown in bold) gave 
optimal sensitivities and specificities. 
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TABLE 2. Association of host-related risk factors to skin test 
positivity at cutoff points of >4 mm and >2 mrn 
for TB in central Ethiopia' 
No. of cattle 
No. (%) 
2 Factor examined positive 
for X valueb P value' 
TB 
Cutof of >4 mm' 
Breed 
Arsi (zebu) 
Cross 
Holstein 
Age (yr) 
<2 
2-5 
5-9 
>9 
Cutof of >2 mm 
Breed 
Arsi (zebu) 
Cross 
Holstein 
Age (yr) 
<2 
2-5 
5-9 
>9 
71.87 <0.001 
2,578 298(11.6) 
1,921 229(11.9) 
925 205(22.2) 
51.18 <0.001 
892 73(8.2) 
1,868 237(12.7) 
1,792 317(17.7) 
872 105(12.0) 
65.50 <0.001 
2,578 358(13.9) 
1,921 280(14.6) 
925 230(24.9) 
45.05 <0.001 
892 96(10.8) 
1,868 289(15.5) 
1,792 362(20.2) 
872 121 (13.9) 
'Another version of results applying to the >4-mm cutoff value was reported 
earlier (2), and in this case, the data were extracted from the paper for reasons 
of comparison. 
'The chi-square (X2) test was used for the determination of statistical signif- 
icance. P values of <0.05 were considered statistically significant. 
than in zebus either at a cutoff of >4 mm (22.2% versus 11.6% 
[X' = 61.8; P<0.001]) or at a cutoff of >2 mm (24.9% versus 
13.9% [X2 = 65.5; P<0.001]) (Table 2). Moreover, at both 
cutoff points, significant differences (P < 0.001) in prevalence 
were observed among the different age groups (Table 2). The 
difference in apparent prevalence rates between the two cutoffs 
was statistically significant (16.0% versus 13.5% [X2 = 13.56; 
P<0.001]) (Table 3). 
True prevalence of bTB at >2-mm and >4-mm cutoff 
Points. Apparent prevalence may underestimate the true prev- 
alence of a disease because the test used to determine appar- 
ent prevalence does not capture all infected animals (30). 
Hence, the true prevalence can be calculated using the follow- 
ing formula described by Rogan and Gladen (30): TP = (AP + 
SP - 1)/(SE + SP - 1), where TP is true prevalence, AP is 
apparent prevalence, SE is sensitivity, and SP is specificity. 
Thus, the true prevalence was calculated (Table 3) using the 
sensitivities and specificities calculated by the ROC analysis. Accordingly, the true prevalence at a cutoff of >4 mm was 18.5%, while it was 19.6% at a cutoff of >2 mm. There was no 
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significant (X2 = 2.15; P=0.14) (Table 3) difference between the true prevalence rates at the two cutoff points, and it can therefore be assumed that the true prevalence of bTB in the study population was around 19.0%. 
DISCUSSION 
In this study, postmortem examination was used to define disease status, as opposed to culture, which is a gold standard. A tentative diagnosis of bTB can be made by detection of 
macroscopic lesions at necropsy. The sensitivity of gross post- 
mortem examination is affected by the method employed and 
the anatomical sites examined; careful examination of as few as 
six pairs of lymph nodes, the lungs, and the mesenteric lymph 
nodes can result in detection of 95% of cattle with macroscopic 
lesions (9). In the present study, detail postmortem examina- 
tion, as described in Materials and Methods, i. e., examination 
of more than six pairs of lymph nodes and the lungs, was 
performed for each of the study animals. Thus, the method of 
inspection used in this study is superior to routine abattoir 
inspection procedures and thus can be used for the definition 
of disease status. Nevertheless, the use of postmortem exami- 
nation as a gold standard for the determination of the optimal 
cutoff value of the CIDT test is acknowledged. 
The cornerstone of TB control in cattle is the accurate de- 
tection and removal of infected cattle; however, because the 
infection is usually chronic and can remain subclinical for a 
long period, infected cattle can become infectious long before 
they exhibit any obvious clinical signs. As a result, effective 
antemortern surveillance must rely primarily on the detection 
of infected cattle at an early stage by the use of sensitive 
immunodiagnostic tests (1). Although imperfect, no better 
general approach for TB screening of cattle populations has 
been devised since Robert Koch discovered tuberculin (19). 
Programs based on the basic principles of systematic and reg- 
ular skin testing of cattle herds, supplemented with compulsory 
removal of test reactors, movement restriction of known in- 
fected herds, and slaughterhouse surveillance of undetected 
infection, have eradicated bTB from many developed countries 
(6,8,10,11). 
The diagnostic accuracy of a test is defined primarily in 
terms of its sensitivity and specificity. There is an inverse re- 
lationship between test sensitivity and specificity (23), and 
these two parameters are frequently assumed to be constant 
across different populations as long as the test procedure and 
cutoff point for a positive test result remain the same from one 
group of animals to another (12). However, for TB diagnostics. 
this is not necessarily the case, as test results are influenced 
by 
the stage and severity of the disease (25,31). This was the 
TABLE 3. Comparison of apparent and true prevalence rates of bTB in central Ethiopia at cutoffs of 
>4 mm and >2 mm' 
Difference in True 
Difference in true 
cutoff % Sensitivity % Specificity 
No. of positive Apparent nt prevalence prevalence 
W 
Point (MM) cattle/no. of appare prevalence M value, P %alue) (95% Q (95% CI) 
cattle examined 
prevalence (X2 value, P value) 
>2 68.8 (58.5,77.8) 96.9 (89.3,99-9) 732/5,424 16.0 13.56,0.001 
19.6 2.15,0.14 
>4 59.4 (48.9,69.3) 96.9 (89.3,99-9) 868/5,424 13.5 
18.5 
Ser'sitivities, 
specificities, and apparent prevalence rates were used to determine the true prevalence rates according 
to the formula described b) Rogan and 
Gladen 
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reason that we 
initiated a reevaluation of the OIE-recom- 
mended cutoff 
(>4 mm) in an Ethiopian context, using ROC 
analysis. our data showed that sensitivities and specificities of 
the CIDT test were optimal at cutoff values ranging from >2 
fl1m to >4 mm for zebu cattle in central Ethiopia. At a cutoff 
of >2 mm, the CIDT test's sensitivity was 69%, while it was 
59% at a cutoff of >4 mm, with identical specificities, at 97%, 
for the two cutoff points. 
ROC analysis is used to visualize, organize, and select clas- 
sifiers, based on their performance (14,15,34) and has been 
extended for use in visualizing and analyzing the behavior of 
diagnostic systems (33). Our results showed that the ROC 
plots for the CIDT test are high in the left corner, indicating 
good performance of the CIDT test for both the zebu breed 
and a mixed population of zebus and Holsteins. The area 
under the curve was 0.87 for zebus, while it was 0.89 for the 
mixed population of zebus and Holsteins, demonstrating mod- 
erate to high discriminatory power of the CIDT test. 
The published sensitivity estimates for the tuberculin test 
were summarized by de la Rua-Domenech et al. (12), and the 
estimates ranged from 63.2% to 100%, with a median sensi- 
tivity of 83.9%, for the single intradermal tuberculin test and 
from 52.0% to 100%, with a median value of 80.0%, for the 
CIDT test. The sensitivity recorded by the present study is 
relatively lower than the median sensitivity (80.0%) of the 
CIDT test reported by other authors but is well within the 
reported range. 
There are different reasons which could cause false-negative 
results, lowering the sensitivity of the CIDT test. For instance, 
newly infected animals may not react to the CIDT test, as 
reactions have been reported to develop between 3 and 6 
weeks postinfection for most animals (16,17,21). A state of 
anergy can also develop in animals with advanced or general- 
ized TB and in animals subjected to stress (22,28), such as 
calving within the preceding 4 to 6 weeks (24). In addition, 
administration of glucocorticoids can also lead to lower indu- 
rations of tuberculin reactions in infected animals (13), while 
coinfection with viruses such as bovine viral diarrhea virus 
could transiently compromise the reaction to tuberculin (7). 
Furthermore, a reduced tuberculin reaction can occur if the 
infected animal is malnourished (24). The phenomenon of 
desensitization, which describes the depressed skin reactivity 
to the second tuberculin injection in naturally and experimen- 
tally infected cattle for some time after the first tuberculin 
injection, can also reduce the sensitivity of the tuberculin test 
(18,20,24,29). Furthermore, prior tuberculin test exposure to 
Mycobacteria of the M. avium complex and/or the Mycobacte- 
4M intracellulare complex may also lower sensitivity, as the 
reaction to avian tubeticulin could be high and thus interfere 
with the interpretation of the result (17). 
In our study, we found antibodies for paratuberculosis in 4% (n::: 263) of animals (G. Ameni and M. Vordermeier, unpub- lished data), using the CSL Paracheck enzyme-linked immu- 
nOsorbent assay with randomly selected sera obtained from the 
same Population used as sources of our sampled cattle for the ROC analysis. In addition, we found an 80% (n = 263) (Ameni 
and Vordermeier, unpublished data) seroprevalence of Fasciold hePafica in the same group of animals by enzyme-linked im- 
Inunosorbent assay at the Veterinary Laboratories Agency. Therefore, the relatively lower sensitivity recorded by our 
ROC analysis could also be attributed to coinfections ýN'th Fasciola hepatica and/or M. avium subsp. paratuberculosts 
which could interfere with and compromise the response to tuberculin. 
Using our data set, we calculated the apparent preýalence 
rates with the two cutoff values following ROC analysis to see the level of difference in apparent prevalence rates at the mo 
cutoff points. Apparent prevalence is calculated as the number 
of test-positive animals divided by the total number of animals tested (23). We found a significant difference in apparent preýr_ 
alence rates at the two cutoff points. Although it is useful as a 
consistent index and is used routinely to measure disease fre- 
quencies, apparent prevalence may underestimate the true 
prevalence of disease because the test used to determine ap- 
parent prevalence does not capture all infected animals (26, 
30). The true prevalence of a disease in a population can be 
calculated using the apparent prevalence (as detected by some 
screening test) together with the sensitivity and specificity val- 
ues of the test (30). Comparison of the true prevalence rates at 
the two cutoff points showed no significant difference. This is 
because, in addition to sensitivity and apparent prevalence, the 
calculation of true prevalence takes specificity into account. 
But in this case, although there were increases in sensitivity 
and apparent prevalence at a cutoff of >2 mm, the specificity 
was the same at both cutoff values, and the increase in true 
prevalence at a cutoff of >2 mm was not significantly different 
from the true prevalence at a cutoff of >4 mm. 
Confirming our previous report (2) on both cutoff points, the 
apparent prevalence was significantly higher in Holsteins than 
in either crosses or zebus kept under identical husbandry con- 
ditions. This difference in breed susceptibility was also high- 
lighted by the demonstration of increased disease severity in 
Holsteins (3). 
In conclusion, our study emphasizes the need to define local 
cutoff values to ensure maximum test sensitivity to detect TB in 
cattle. In particular, we suggest that a >2-mm cutoff be applied 
to both breeds in central Ethiopia, rather than the OIE-rec- 
ornmended >4-mm cutoff, resulting in increased sensitivity 
without a loss of specificity. 
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A comparative study on the epidemiology and immuno- 
pathology of bovine tuberculosis in Bos indicus and Bos 
laurus cattle in Ethiopia 
Gobena Ameni 1,2 , Abraham Aseffa2, Howard EngerS2 , Douglas young3, Stephen Gordon 4, Glyn Hewinson 4 and Martin Vordermeiei'4 
Abstract 
Bovine tuberculosis is a disease of dual effect, having public health and economic implications. The present study was 
conducted on its epidemiology and immuno-pathology in Holstein and Zebu breeds of cattle. Skin test, post mortern 
examination and pathology scoring, bacteriology, whole blood gamma interferon assay, ELISPOT assay. and lateral 
flow assay were used. An overall prevalence of 13.5% (n=5,424) was recorded; both prevalence (X2 =61.8; P<0.001) 
and severity of pathology (mean pathology scores + SEM: 6.84±0.79 vs. 5.21±0.30; P=0.018, Mann-Whitney test) 
were significantly higher in Holstein than in Zebu. Similarly, IFN-y responses to avian PPD (0.49±0.10 vs. 0.39±0.07), 
bovine PPD (0.63±0.11 vs. 0.43±0.07), or the ESAT6-CFPIO protein cocktail (0.43±0.01 vs. 0.30-+0.05) were 
significantly higher (for all antigens: p<0.02) in Holstein than in Zebu cattle. However, both Holstein and Zebu 
exhibited similar T cell and antibody responses to different mycobacterial antigens i. e. no repertoire difference was 
observed between the two breeds. Thus, the present study showed increased susceptibility of Holstems to bovine TB as 
compared to Zebu, similarity between Holsteins and Zebus in their antigen responses, and a positive correlation 
between IFN-, y responses and severity of pathology of bovine TB. [Ethiop. J. Health Dev. 2008; 22(Special Issue): 132- 
134] 
Introduction 
Despite the ability of several countries to eradicate 
bovine tuberculosis successfully, many countries 
continue to encounter M bovis infection in their cattle 
population (1,2). Reasons for the failure of these 
countries to control/eradicate the disease include the 
presence of a feral reservoir of M bovis in developed 
world, and the inability of developing countries to apply 
the test and slaughter control method. Other alternative 
control methods such as the use of vaccination, 
improvement of cattle husbandry and/ or breeding of 
relatively resistant cattle breeds may be particularly 
applicable in developing countries. It was stated that 
housing predisposes cattle to tuberculosis so that the 
disease is more common and serious in these forms of 
husbandry (3). Zebu type cattle are thought to be more 
resistant to tuberculosis than European cattle and the 
effects of the disease on these cattle are much less severe 
as stated earlier (4). One of the difficulties in generating 
more data on such observations was the problem of 
getting the two breeds under identical cattle husbandry. 
Zebu is limited to Africa and Asia while European breeds 
are mainly found in Europe and other developed 
countries. Therefore, the objectives of this study were 
assess immune responses to mycobacterial antigens and 
investigate the epidemiology and inununo-pathology of 
bovine TB in Bos indicus and Bos taurus cattle in central 
Ethiopia. 
Materials and methods 
Study animals and sampling: The study was conducted 
in dairy rearing areas of Holeta and Selalle, central 
Ethiopia. The sites were selected because of the 
concentration of Holstein or/and crosses alongside native 
Zebus (mainly of the Arsi breed). The target population 
is smallholders that keep at least one Holstein/cross. 
There are 30,000 Holsteins/crosses kept by smallholders 
in the study area. Similarly, about equal number of zebus 
are kept in the target herds. For epidemiological studies, 
10% (n=2846) of the Holsteins/crosses were sampled and 
about 9% of the Zebus (n=2578) were sampled. Thus, a 
total of 5424 cattle were sampled for the epidemiological 
study. For the investigation of immune response and 
pathology, 123 (50 Holstems and 73 Zebus) skin test 
reactors were recruited from the above sarmpled 
population on the basis of the level of skin indurations 
and willingness of the farmers to sell their animals. 
Furthermore, 30 reactor Holsteins were recruited from 
one intensive farm. 
Mycobacterial antigens: ESAT-6 family, heat-shocked 
proteins of mycobacteria, and secreted 
antigens/lipoprotems (5). 
Comparative intradermal tuberculin test: Two sites on the 
right side of the mid-neck, 12 cm apart, were shaved and 
the skin thicknesses were measured. One site was 
injected with an aliquot of 0.1m]. containing 
2500 IU/ml 
bovine purified protein derivative (PPD) 
(Veterinary 
Laboratories Agency, Addlestone, Surrey KT15 3NB, 
U. K. ). Similarly 0.1ml of 2500 IU/ml avian PPD 
(Veterinary Laboratories Agency, Addlestone, Surrey 
KT15 3NB, U. K. ) were used according to the Office 
International des Epizooties (6). 
Ethiopia; 
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Whole blood garnma interferon assay: Whole blood 
cultures stimulated with mycobacterial antigens were 
illcubated at 37T in a humid 5%CO2atmosphere, for 48 
h and supernatants harvested (7) and frozen. Levels of 
IFN-y in the supernatants were measured with ELISA 
using the bovine IFN-y (Bovigam) test kit 
(Commonwealth Serum Laboratories, Victoria, 
gustralia) as per the manufacturer's instructions. 
Enzyme-linked Immunospot assay: Peripberal blood 
mononuclear cell (PBMC) was isolated from 16 Zebus 
and 14 Holsteins and the ELISPOT was done according 
to (5 ). 
Multiple antigen print inimunoassay: MAPIA was 
performed as described previously (8,9) on sera of 16 
cattle (eight Holsteins and eight Zebus). 
Post mortem examination and pathology scoring: The 
severity of the gross lesions was scored by applying the 
semi-quantitative procedure developed by Vordermeier et 
al. (10), with minor modifications to facilitate 
performance under field conditions (11). 
Bacteriology: Suspicious tissues were ftirtber processed 
for isolation of mycobacteria, as described by the OIE (6). 
Statistical analysis: Logistic regression analysis was 
used to assess the association between prevalence and 
animal risk factors using STATA statistical software, 
(STATA Corporation, 4905 Lakeway Drive, College 
Slation, Texas 77845 USA). The Mann-Whitney test was 
used to compare pathology scores and IFN-7 responses 
between cattle types. 
Results 
Prevalence: The overall prevalence of bovine 
tuberculosis was 13.5% (n=5,424) in central highlands of 
Ethiopia. The prevalence was significantly higher in 2 
Holstein than either in zebus (22.2% vs. 11.6%, x =61.8; 
P<0.001) or in zebu-Holstein crosses (22.2% vs. 11.9%, 
X2 =50.7; P <0.001). 
Effect of risk factors on prevalence: Holstems were more 
than twice as likely to present as tuberculin positive than 
Zebu cattle (OR=2.32; CI=1.89,2.85). Similarly, animals 
aged between 5 and 9 years were at higher risk of 
infection (OR=2.37; CI=1.80,3.12) with TB compared to 
those aged 2 years or below. 
IFN-7 responses to mycobacterial antigens: IFN-7 
responses to avian PPD (0.49±0.10 vs. 0.39±0.07), 
bovine PPD (0.63±0.11 vs. 0.43±0.07), or the ESAT6- 
CFPIO protein cocktail (0.43±0.01 vs. 0.30±0.05) were 
significantly higher (for all antigens: p<0.02) in Holstein 
than in Zebu (Arsi) cattle, whilst responses to the positive 
control PHA, or to saline (i. e. no antigen) control wells, 
were not significantly different between the M, o breeds. Holstein cattle that were kept in-house produced significantly higher IFN-y in response to avian PPD (0.63±0.10 vs. 0.49±0.10), bovine PPD (0.85--0.14 
0.63±0.1 1), and the ESAT6-CFPIO protein cocktail. 
T cell response to mycobactenal antigens In zebu and Holsteins: Higher T cell count (response) was observed 
against heat-shock protein 65 (Hsp65) both in Holsteins 
and Zebus. Nevertheless, no significant difference 
(P<0.05) was observed in T cell count (response) 
between Holsteins and Zebu in their recognition of 
mycobacterial antigens. 
Antibody response to mycobacterial antigens in Holsteins 
and zebu: Both Holstein and Zebu cattle exhibited 
similar antibody responses to different mycobacterIal 
antigens. Although generally weak responses were 
observed in both breeds, stronger antibody responses 
were recorded to M bovis culture filtrate (MBCF) and 
l6kDa alphacrystallin/MPB83 fusion proteins (16/83). 
Breed and pathology: The severity of pathology in 
Holsteins [mean pathology scores ± SEM: 6.84±0.79; 
median scores (range): 6.0 (2-42)] was significantly 
higher (P=0.0 18, Mann-Whitney test) than the severity of 
pathology in Zebu cattle [mean scores + SEM 5.21±0.30; 
median (range): 5.0 (1-17)]. The mesenteric lymph nodes 
were the most severely affected (mean pathology 
scores±SEM, 1.95±0.08) followed by the retropharyngeal 
(0.80±0.05) and the caudal mediastinal (0.8±0.06) lymph 
nodes. 
Bacteriology: Fifty-six percent (81/145) of the animals 
with gross TB lesions were culture positive. Culture 
I (X2 =0.13, positivity of suspicious lesions did not differ , 
P=0.72; EP16) between Holstein (54%, n=50) and Zebu 
(5 1 %, n=73) breeds under identical field husbandry. 
Discussion 
Moderate prevalence was recorded by this study. 
Previously,. a similar prevalence (14.2%, n=416) (12) ýxras 
reported in southern Ethiopia, where cattle 
farming is 
sirnilar to Holeta and Selalle. However, a 
lower 
prevalence (4.1%; n=460) was reported in 
Zebu cattle 
under traditional management in the 
Boji district of 
western Ethiopia (13) while a significantly 
higher 
prevalence (46.8%; n=1,171) was reported in 
12 
intensive dairy farms which keep crossbreed and Holstein 
cattle (14). The prevalence was significantly 
higher in 
Holsteins than in either cross-breeds or in 
Zebus. Thus, 
the prevalence of bovine TB 
is affected by cattle 
husbandry and cattle breed (11). 
Furthermore, the 
seventy of pathology was significantly 
higher in Holstein 
than in Arsi Zebus. Historical reports also indicated 
that 
Bos taurus (the group to which 
Holstems belong) are 
more susceptible to bovine 
TB as compared to Zebu 
cattle (3,4). 
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The level of IFN-y responses to the tested mycobacterial 
antigens was significantly lower in Zebu compared to 
Holstein cattle, which would support the correlation of 
IFN-y release with the severity of pathology of bovine 
TB in Holstein (10). It is also noteworthy that the IFN-y 
responses observed in Holstein cows in Ethiopia were 
considerably lower than those reported for Holsteins in 
the United Kingdom, Ireland, or New Zealand (15). A 
likely explanation could be that a higher proportion of 
Holstein cattle in Ethiopia suffer from advanced disease 
as the test and slaughter is not applied in Ethiopia. In 
addition, multiple parasitic infections, which prevail in 
the study population (personal observation), could also 
modulate the IFN-y responses to mycobacterial antigens. 
A previous study showed that infection with either 
Fasciola spp. or Strongy1us spp. significantly reduced 
skin indurations to bovine PPD in M bovis infected 
heifers compared to de-wormed M bovis infected heifers 
(16). 
This study has shown a comparable T cell and antibody 
responses to mycobacterial antigens in both Holsteins 
and Zebus. Strong T cell response to Hsp65 was found in 
both Holstein and Zebu breeds. Similarly, strong 
antibody response was observed to M. bovis culture 
filtrate (MBCF) and 16/83 in both breeds 
The present study showed susceptibility of Holsteins to 
bovine TB as compared to Zebus, similarity between 
Holsteins and Zebus their antigen recognition repertoires 
and a positive correlation between IFN-y responses and 
severity of pathology of bovine TB. 
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